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aad facsilltles of tlie Istmral Blatoff Survey w^m ampl© fear 




















































































ffe® mjkth.QW.f la pf#s«ntiag tliis paper., lia# atteaptei t© l^i-iag 
t©getliey im t&buiax tmm miGh «xp®ri»eat® as appeared %q 
illastyat# p-r^g^et® la our te@wl#%@ ©f oli spray®. Fof 
pmrF6-s-eg ®f diseMsslQa and, co»paJ?i®oa of tie vaarlous #aul®i©iii, 
tie iftfoaraatloa is gi-aup^d umdeir the -g^mml headings referring 
to the speeifie Issei^'le and plants used In tlii tjipeyintiilis. 
Th® «xptri»ats have ittclttdM tests on ato©mt t,h»e#-
limndred and tea ail or ©11 #ii«lsi©a immlm of wliicli afe©ttt l€ 
pereeat wer® solafel© oils end Si- psreea^ st-sok ©aiilsioas. I» 
addition to tbiiie, yarloiis olieaiesls were Ineliided in many of 
the f"ormla@» 
A wmf ilaitt4 antaber of eaulsloa formulae wm® 
tested tt-adef fi©li oondition® fm »©2?e tlisa ©ne seaeoii. fh,® 
greatef |}#xti©.a of them wer® t#0te€ fl®M, aondittaas tm 
only Qm f®m* LaM^atory st^iies wm9 aad® upm all of tli# 
formula.® to fieteriaiiie theif physical pyepertlee aad, tozlQltj 
t© beaa follag®. A Halted •mmhew of tests wti-© peThiotmB^. oa 
iaseets to emlwat© tii# laseetloidal p^tjptrttea of eaeh 
eaulgi&a* Bnoh s® ©ffei-ed ptomim as a muult •&€ 
intQT&&tim gaia&d la tbe Igbo.yatoai'f wm& t®ste4 imde® fl«M 
oonditioas the follawiag eeasoa. 
As tangible jtsnlts ©f tbe i»¥#8tigstloii, a 
oil and a wtite oil sto©k «Bii.lsi©s liafe l>@©m defsl^fM. la 
tlie iave®t.lgatl©a of these prodmets md th,# atadf ©f t1a«|y 
xelattd f©»m3.a#, a fmad of iafd^enatiea has %««» 
e^iipilacl that has Ijeea of gs^at a,.ssl.®tsii0® i& 
ti«i3, ©f resttlts, fM-S i^eyaatioa las adfted to &\m 
mdsts-taaiiag ©f soiu® ©f tlis faet©2S sSfmtimg tlj© seea^tioss 
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©r Sela&ie Oils bx& qI&bs ©umlsioas ooataia-
i»g W3ry littlt wat«. In tetae a s©ap tiiuliifi®? is 
di@®©2.T#t isto tbe ©ii. Oa tb.© aMitiom of wateir %h& 
Kissible 9'ilg diipexge tQ iam a white 
oi tmy smmll oil gig#, fbe oottBa^reial oils, 
©eniteol sad m'9 ©f tMls type ©f 
]t#ad A^'Staat®, as us©*! in tliis papet, r#ftrs %o acid l«a4 
arseaafej th@ pmde^M coaaercial produet asaxketed for 
in§«e-fi©lisl pmrpm0§» 
O&mmMmfim ef ©uttlsieas in this pap@2f, to mmmwte" 
m©Btg hf v©ln»6» 
mmohim oil M AM m&mfiQtm 
fir8$ tts# 0i oil t# isgeets Is aet 
feaowa. It was fiMt r@e©*@iiiei. im iise fl^t® in 17^3. 
Oil lias fe@«m im mmf wafsrtireetlf against insist 
pests; as a esr^ler of otlei inseetl^id©® -o^ p-Gisons.j a® 
m esulsl^aj oi- iai:x©4 witii- flo^emltat iase©t-iei4«s. 
Foms of tisei 
1. Fetaroltw oil Is u@e-t witiidmt imthm isba^s Im tl# 
eoatxoi ©f aai*l psiasite-sj^ ami h«mst-
holt ptsfs^ as a saxJier of otieu iftf@©tietdes, ©i-
a® a stieke# ia mmif ipray® sa-d teste • 
Z* EmlBlmB Qmtml&im p©tf0l#itti ©lis at# aot sbarplf 
dlTidtd feiit M ©Isteified tato thy## g«a@ral 
gl'Qttpfi. 
A. Miaeiblft «r Soliiale Oily &m oils la wli©& a soap 
ea«liifi«t bag "feees tisiJ®*s@4 imt© the oil. 
Their cl©«e oll-llfct matmiee aal:«s tb#s som-
v«aieiit to stofe, Matl# m ditat©. The w.®e of 
aisoifel® oil# is gtattallf testriofe4 to tit 
tomaat S'tage of plaat growth tef tM soap #Bal-
eifier and %M relatlTslf saall nlm of the oil 
tr0|>let». 11 so ill# alls v&f widely ia tii.eiS' 
pfitysie&l p'^o|i«i't4ss. 
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fHl HJSfOai OF Qth itEAYS 
Aecofdiiai to Meima (Mfi), Geete was the 
ree^M®^ tie m& of oils m plants, la i76|, 
W3r©%@, ••pet?oi«ma, fei:ep.@atiii@ aiii. Qthm ©ils ar# also 
r@©o»,sii«l®4:| tout Qme must h@ t&kea ia tMis ms®, sliio® tbey 
aat up©B tlie plaiits, makitig them eiek ©x m@m kllliiig 
le als@ e2r#i;i%s filli-sa forsftk as the to call 
attention to the me of ty&ia-'CwImle) oil agatagt ooogus 
oj* g^sl® ittieets 0n plant® Im li^O. 
fht f imi  ef pet,»lem sil as an iHseetieiAe . 
In Aj©©?iea is a I's^soaiteftdati«» ia liiSg to ms© ker^aea® 
uadilm'IM. fM ©11 t€3 im &ppll0d means ©f a fsatkew 
on QitmB twm^ fm tk@ QmtmX ©f citna® scale. ISTOsea# was 
fiyst as a. spra? to liii hf Seary Itwark,, lew 
J®3?s©j. 1# ta0®d a »lx|iire u-f e#a|) and water fet tlie 
eont^ol ©f tlie wor«.. it was aot gea«ally uted @,s aij 
mnlsim mtil re®©wi©BdlM l^y A,J.0®6|e ia lBf$w 
By ISiS, a.G.fti^teati lad developed a satisfactory 
fdrmmla for k&tmmm ernilstm ttsiag saap as aa emlelfief. 
Ier©teae and otMesr ligtit ptti'olsa* @ils wej-e ttssi. quit# 
generally as mulsiom% m as ae©toanical miaitiires 
previous IfOO. Distillat® mulsi^ms appeaz-eci ia IfQO, 
**2,^ 
f©Xl©wea hf tlstlllate-wattS' atehaalcal mixtwee® in aad 
by alsaiblt ©ils is 1^0%, &mm4lmg to limB-ou (192B} aad 
Isaig Cl932^)» 
Tk# lajtiff ©ftta ^esttitiag £mm th^ ubq of tb« 
ea^iie^ tfpes ©f taiileisiis ea«ra?af«t the' m& Qf lt®« 
foy tb® e©at»l of i«i J©s© losl®. a aaabeie ©f yeaf s 11a® 
iulpluyr alaQst e^ippXaated tfa© us# of oiis fos «sle 
follewlmg If If, a series favomfele yea^# for seale pfOfdA 
that line miip&ua was mt SMtlB-imtmy a# a s^Jale epyaj. A 
mm #e¥elop#i in oil gp^fs about this time, »id 
tin## tliat period the fl#l€ of ti®@® few ©il spmjB teas 
intsmsifslf tatestigated# 
Sa^lf ©utAsiQiM were asmllf p-repa^#d by msMmry 
thai was teaie^mately pmmM t© ye€«@# tlie ^oil pirns® &f tb& 
emulMm- to a sii® g^itatole im spraf pmpm0B.» imeh 
mul&i0m ¥#.*« mwf uaftafel# aM ©ft»ii eepairatta het&m %h@ 
emalsim mmM Ibe .appji®€« 
fitk tli# #f aiaaifeXe m soluble oils, 
ext?#»®ly stal^l® oil #attlsi®ii® wtir# pw&pa^m-d^ la aa attempt 
to aax&@t oil sp?af# tbat w<attM mix. &s ciiimte wltfe ail types 
©f tiBTd wstej?, tM® Sfmti-® ©f t-li@ #aulsifltr to the oil plim»e 
wa.0 ia®»ai«4, resultiag ia mtmm&ly stafele ©aulsioas- that 
©omlalnei. wexf small ©11 daeeplets. Imlsi^at of tliis typ® 
m@ mi as ®fficiest iugeetieide-i a® are tliose ei«l0l#at whose 
sit# of ©il fe©pX©ti that of" tbfi teas itabi© 
emlelons, accoMiag ts «l#Ong (1926), Giriffia, et al 
aad lagiisli Ci92i)* fli@ wm'k^^me wttli tht io»0aH«4 
^i"#aj£iag* twalsioas lias •^eeml'ltd In %h® ie?®l@pa@at 
©f fj^tfasatio-as will six with asjoritf ©f bard 
waferg md yet ^msme fmitl te#alcisg p^c»p®ytj that gi¥©s 
'to the® feigk iase^tiotisil effteieaey^ 
FmFiMTi©! OF fm mmimmB 
TM #aij,isi@ms iissttsas-t ia thit paper 
were pxepaxed ia tli© lsfe»st©rt.©® ©f tlbe Standard Oil G©iftpaay 
of Ittdiam. flit oils ms«4 f©t eottpaa^iedii ia sasf 
©xpexiMttts w©r© fui*aistod hf tMjr mspmltire samifaotusers* 
fox tliat pwpost. eertaia tawlsiotts- w#ir® bj tli# 
autbox.ot ill® ai-slstrnts aa4 as® as boiled flab oil 
ioap ®mml8lost!* 
fke ohe®t@al f»0|je3?"ll#s of th® 
©jEpeslaeatal oils ms®4 me siiom %n fafel® I. fUe ®aalys«« 
are fwxaisliei l»f th® ®%aadat4 Oil -ioapaay of Imdiaiia* All 
miielbl® oils w@re prepared fey a teolmitud woirl:®4 
out in til® Oil ial>@ratot4e0 at Wbltiag, lattam. 
Stook 0»ilstam« laeorporatiBg laert #iwilsifl®rs wtr® @®alsifi«i, 
l&f ©Qllol^i allls, eapalls of proteoiag tmilsio-tts of mifom 
disp®xsioa of oil #ropl0ts i® tte tee-lmieal wfeit® oil ewilsioftii. 
The aiditioa ©f faseioat e&@a4oals to eltber tla® oil, wattr,^ 
or e»ml®ifi«# pkaeet of tlies® ©amlstoas oft«» 
d@gr@-e of digpertiom. tfee diffieiiltf of olassifioafioa »4<i 
•laamfaottir^^s of oomereial oil® us®€ ta. tli®8© teatsi 
Sm Oil Co.; l,S,Pratt i Go-i Slitrwia-ftlliaiis Go.j daltforaim 
apray 0&«aioal Co.; s:^#il Oil oo.j Sehseffer Powell, St. 
Louis, lo,,. aii4 StsBiSart Oil Co. of. latima. 
-li-
l^raotiGsl the eonfide:»atiom ©f particle size in the 
exptsimental wMt© oil «ulsi0»s. It i® g«a®3*ally rteegsi^ed 
tliat tM lees disf#*se4 ell gmmlelQas eeparat® fasten aat ax® 
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PEGPllf lSS Of 01,is 
8atiirati©% m yatt© toetweea aattaratM and m-
©aturated liyd?0O»bomSj, lias s.lm?plf tividad tto.e mage ef oil 
sprays iat© dlstioet fields, fh# worlcs of Q®ay and 
dtOiig toOmg, et ml il9^7h Sagli®li sai otMrs 
show that ttm oils- e-oataimiag tlie larger quantities of un­
saturated kyd^'ooasbons me tli© aoife likely to eau»@ plaat 
iajttry vm.&m eoasp^afel© oontitioEs. Ixtemsif# ®xp«isieat® 
Indicate tliat the less highlf mfimS. -oils are safe to apply 
on 4o»aiit ttees if tliey me ©aiilsifiM. B#oams© of 
til# lowef eost of tliis gra«i@ of oil, its us® ia dOfmajit 
gp:pays hm feeeoma gmmai,* 
TM ¥tsoosity ©f oils tiseA in tree spmy® aust be 
kept witiiia tbe liaita of plsst toltiraao®. Oil© of l#fis tbaa 
kQ to 50 seooats of irisoosity aye msf diffioult to eombis® 
into a etablt eauleioa. Mtiiou^i semewliat saftr to ««© ©a 
plant®, tlie®@ light ^isoositf oil® disapp®ay too rapidly t© 
a fooa insect ioidal mlu@. laight, «t al ClfSf) f©@ls 
that 4 fiO seeoBd fisooeity oil al^out the uppe*-
limit of plant toltramoe and that oils of higher visootities 
mt&t usei with oamtioa if serioae ultiiaate iajiixy is to t>© 
avoided. Most autkexs agr#® that the light@if oils are taftt 
m plasts sad geaeralXy tfee ^ ©11 that wtll 
gim the oontr©! &i th% lm®«et iavoiyti, fm 
t@af«-mtmape wad®# mMch m. ©il is uset im tije f i#M sbeuid • 
d©ts3»iii« pmpm viBmBltf, mmw4lmg t© il«'^ag {2.931}, 
altliom^ tjeeem (If27) 4id a<st flat v48«#sttj a im%m f®r 
toxieltir is gpsay'iBg# 041® iO to 12§ seaoiidfi 
«e mow beisg mtM la tMe aaaiifa^tuf© #f -tlie gsr-eater pan ©f 
tlie eofflaeteial teraats ©f ©11 e«il.si®ms. • 
i s  a  f fep .er ty  8«® authors  haf t  
e©a®ldt^©t iap#3rla»% ia ptt-S-oigtw oil® tm m® in t3fee ip»fs* 
Altb^gh pmhmpn &f som tiip®3?taa<i!ft, its «|giitfle:sa0e bas mt 
bt©a fmlly mmptet "fey all *@tketg. fh& p»peflj ©f vol&tllity 
i® hf m mmm id#ati#t4 wl'tli of yiseesitf; seireftliel^gt 
It is ©loself «<ss©eiate4 with vi6e@stt?* Aee®fdiiig tQ tUB 
fiadlags ©f lalglit, #t al Clftf) tMe tfft©! &f volatility 
«dy.t t© tlie @f tbe etl in fit® 4at®ire«l.lula3f fpaeti: 
(it) is mnQmestleimblf aegllgifele la fii®apaa?tsea witfa 
ti'aaslQoatiom.** Ia tlals pmptr, tbe m%km Ims aot ooaaiiettd 
volatility' aa liitf#a4#at py®p©stf ©f tl© ©ils mtet is tl# 
tffiuleioas t©ste4» 
fli« emulslilBX flsft a v®t|- iapestaaf ^ol» is tli® 
pei-foraaaee ©f oil e«ls4oa§. as Is ib^wa by the w©^te ©f 
aad laigbt ClftJ), teteg {lft6)» ®t al (l9Bf) aat 
©th®3rs. Qil #fflil0ioas. tliat ias^rp^mt® ©sr^tsiiv® aacmats @f 
eTOlslfi®r a^® wrj eastly emielfied bmt »© mot m effiaieat 
f©x tke ©Qat^cil, ®f seal® as aye less- staJsle ©aalsieas-
Iagll®li. C If til witfe ap&AAs-,. S.«a Juse s#al# asd oyster 
seal® i©a®agt3r-a%#d tliat feigb a^^taltty wa.s 
a6i©eiat®d with mmlBimw eiMlfei-liag tli® qmlelisr Wtafeliftg 
p:r®p«irttes. 
By Q©®b-iaiag tba p-ropfs- gsates of oils aad 
efiailsif4®3?s ia mst&in 41 is to fredtte® 
am eamlsloa that is staba,© «ii€er ©rdlaarj ceaiiitloa® o# 
fto^ag# ami laadiiag asfi will give a bif^ kill Qf %m0Q%& 
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%hM fiaaf.* H@ alt© fmasd tli® Mgfetey stls less ia|wi®u® 
tfeaa fe#air7 ©ilg &ad thaM tie iegr-e# ©f d®p@a4s4 ap©» 
0®#taia plfstssl tmQtms, Sss® #f %M tmtmn listed fej 
f0l©& «©-* til© foaiiti^ii ©f tMt typ# @f ©11# aaoiat ®f 
sf^ay ms®t, wli#th#t tbt spraj la spf3,t#€ tfe# mpper @3f 
i,©w« l#af sEffa©#.,. m& mM li«idity at tw tiae 
©f sprayiag-.. 1® 't#a©mst*at#€, a ?.fef-«ieal. iajmry imm ©ii tfeat 
li© stttll3.ut#i to ^iaemist-iQitt* @3? sealing orm »t tim patti 
of tbt plmti this l»»ttlsti©», witk b©"!^ 3r«afltatl@m 
aad ttaasisiraties ®1 tfee plaat- fiie ®ii#ai0sl iffeets ©atti#<l 
by f®t^o3.eaa oils mg#4 hf t&M'k %a largely 
0©«e.0tti If dapl^iag t!i# MgMy wMt@ oils ©©ataiai^ 
a ffiiniwai qI tfee 
ftlek ClfOj) i0md ttet tli© t^ertsat ia|t»i@s t© 
eitrmt leaves fey oil at# gesesal mA mot loeal. fJiis 
feas te©©a ia t&e aute r'#e@iit 
tit# m%mmtm.Mm of defiait# flaat ttlt'^misets t© ©il 
gpxays. I© «il®s Qm 1^® ©stafelisfett itlati^e t© th® tdl»aii«# 
Qi plajit Bpml0& t@ ©lis,, bmt it is Uwmt witliift l.laiti 
aa©\iot of mwtaim- oils that tan fee a]ppli®4 witk. 
^©.latift gafflF to tlis met® •i^ostaat tr«®® sat pl»ts. 11 is 
mm well tlmt a 4owaat t^ee will withstand toiflier 
toeages #f %mem vefim€ oils thss tie growing tte«. f>i ty|M® 
©f ©il tliat may "fee mad witb safety t© th# flaat will 4tp#aA %©• 















































































iBigbt, et al Ciftfl li4iit©l@gieallf ih$ 
disti'lljutiita ©f til© ise%y©3L®a» ©II to tli# plant tissiie 
as ©11 sfsay. Thei' fotmS th&t tlis e&tu^stei white ©ilg 
abiOi'l>ed hy tli# tiasum md mt -rolatilUti as oonsldettit t?y 
soae autMi's# fb® tjeaaslo^atiea of* t'iie alssortoea oil wag 
ix^m the leaf surfaee t© tts final depetitioa in the 
large storag® eel Is, ot the pttl aai %'m oM wqo4 fttm of tkB 
Mjlm. Ottytmg the p^lM ®f @ii p^aet^atioa aad initial 
tjantlocatieii, tsaiiepiJ'atiea was fimyplf ise^ea®ed m& 
rtipiratlott aa^rmomslf iae^e&sM. Emig&t aM his ©©-wsirMiir® 
attxitetttei tiie meta'boli,# fi4s1imjp1|aii«?®s to plysioal :g&tMs thm 
Qhemiml haatleaps iaptset fey th@ ia%tugl©a ©f tiie safwrattt 
pe%mle%m ©lis iate tfe© piaat tlsstte. §lm@hm:g, il$2$) f&mi& 
tliat apple fQliage spirayet fow tlsei betyeta Jttly IS aai 
August itt efel§y@p%|rll e®Bt®at tmm S$ %7 
p©re@at in tli© two ^pl# "rasieties teited* fill® s@mnd$Ty-
tffeet ©f oil 8pra.|r« of ia0i'e&si% tb® g-rten appeayaae# ©f 
tlie oil BpmyM foliage Ms ^eea fep«si't®d by nn«®romt woxkes® 
witli oil ®fflalii©Be. Wmkin.g witfe ejESised twigs* l:®ll©y 
ClfJO^a.) t&mA ttet, ••Sattiyratim &f tat Mmim oils, ^©ffipauafei# 
to th©s© ueed ia mmm'BmlB.l sprsfiiig, was mi iapo:ptaa't 4a 
©it'kt.? th@ doifflUit &t 'dalmyed t«3»aa% p©;fitd». It was 
relatl'rely -naiap^flattl ia follagt appliesti-oas.i* 
mmm QW mi m^mm w mhum 
fli# wQ:rks of fojet il$^3h fetMfg (191.3)» Ae#ng 
iX$2€, If31), Mmgli-Bh mXght et al. 
keluf (1926, fe-.), Qlastei if3l.a., b.) 
amd ©tbe^g tliat tils appli#4 t® follag® pfoiim©® 
Ge^tsia p,tofB4@l@gioal. efftsts » the tieeef. At yet a© me 
hms s gooA as t© Jmst wiiat plty®i©l0gimi 
effeets mm ^ el.assifie€ ms ia|iiry T'esaltii^ ism aa -©41 
.spxay. Wm^wm^lx CifJO) pwrnprnm ©«tata. %ems wbie'^ ®sf toe 
ttsefml la elas-sifFittf tbese ©ffsQti. It is tmm ttet #«i'tala 
oils will injttrt ©f toum ii«i,if« tiiaa <o%hm #lls vm&^x- a 
oofflpata^l® set ©f e'SMltleas, feut 1% Ms awe? b#®i|. pm&ihM 
to slow tliat- a ©#r%ata fr©f®yty ©f mn ©il, tf present la am 
emttlslon, will irtmlt ia f®l|a,g« * In tliis paptr, 
in^nsf l-B coaiideteft as thasges in mowml Imi 
tissu# f©ll©wtBg "fell® applisatlm &t aa ©ti sptay. fMe typ® 
©f isjuiry ttemliy is e^lisat ©a tb# aafgia® » tlfs of tfee 
M©!*® tetBlsal l,mm@m 
A pa^t 0i th& tiffiealtf 4a Aeallag with «w2.®iofts 
It®8 in tlie faet t&a.t mtwf ©salsiea prepa^ei Is an 
iadi¥idiial ^.#ll©i<la.2. system ptssesstiig Fa^©p«ti@f distiaetiire 
fmm ®Teyy ©tMe-r e«lsioa. kltk&^h tMs esMitioa is 
lit&mllf tsm, tM eattlsions tested in tliie worl; wer® 
approxiaately the saa# ttace tlief as® preparM in tk© same 
mBaer and from r&y s4»ila» natetials. It was fom<i p©e©itol® 
to daplieate Quite ©iQself that mme used is prevlotis 
tests. 
la additioa, wit© fafiat|©»i- ia 
looallties, weatiiey aQaditions^ eto«, exist ia aost osreliaid 
QXpeTtmmtB* fiisse "rariattont liavi led. to the pit3ll«st4©a 
ef a ¥ast m&mk% of data Qomwing txpefiatmts with tM aie of 
oil @a»lgloas. Im mmj @f tl® exp-«¥|»«atf the results eaa 
t 
ttot fee dttplieated I)? tM •9QWk»m tliessel^es. fhim feaS' 
filled tlie litei'atti^© wltli »i»e2?QU8 dlB^ttssi^as of iMiridttal 
@3:p®yi»ats adtt ©f mhioh -pmrn lilt2.® one way m tto© otlser 
relative to the toxieitf of oils t© plaat®. 
flie aonildttmt aftam&l spjrayiag of d®#id«.o«s fruit 
tree® in tlie «k>tmat stag® witli go©# #il ©amlsioas lias pxo-
due@d apparent tnjm^y t© tlea, ascordlng te ¥©tMs's (Ifli), 
BmrTOUgh® Cl9^3)f M&w&mm aad f@tb.eifs m§. Swiagl® 
and Btmw Cifjl). fli,tg fast is mil ettafelished @?®a tbomgli 
many iadlTidmal ©as®® ©f liijwf bave hmm reported 4.mimg 
e®rt§.iii ®^peaptii«-ati, pa^tle^larlf wltfc sea^doarmaiit tft@®. 
ftgoirous treee are rexj t#lejefiat to oil sprayi e,M ast Etldoa 
injured lay ttie» if the ®»lsloBg are ptop^slf pt^partd and 
api^litd. fli®s oils ©r otkei spray aat®rials a,re applied 
undtr ateaosaal ooMitieas, auaexomt foliage xeaotioae'may ett 
in aeoordiag t© Ovejpley sad Wpulm ilSM} sail ButtQa (1932), 
flie aeaa«ils-|lirt effe@t of p®trol©mai oils afpli.©4 to 
hm& hem ofestJiret W f©tiers ilflj) mA ©tbt^s. mmholem 
and 0¥eil#f {lf|©) fouai tfeat mm thm ttee® appliestioas of 
t© hemf ¥l«G<ositf* ©lis applied t© spple tseet eajryiag 
a Mmf arop resulted ia a d^ejeease ia tM ®is« ©f fruit and 
a pooy 0et,of b«ds and ftmlt the follswiag jmt* Tmm 
Bftmtn msmally follm the- too fteQuemt appli^satieii ©f 
eaulsioas to feliage tsrlf ia tie growth &i mm tissiit. flie 
dtlay at mQk spyays aatil gseawth liat abattt stofped aad the 
tis&tt#© greatly tlii sihmtmt pbyilologteai 
@&aof@s suclt m destreet®f tissm#, yellewiag, premattiXfg 
l«af aad ebaage la mn%m%» 
fli® tmm #ils liav# tmm tl# fits! fe@ea 
©oaeideysl l©ss toxi© t© falia^^ tlaa. tlie Hesviey «il8% fUe 
usual «jtglaaati©a is feasad ©a %h# fast tliat the Mmlm oils 
are less volatil© aasi p«sist ia %ha plant ©fear a lsng«x 
period &f tiae than d# th& ligMef oils, lli# detest ion 
Gsaf sad deCteg ia 193.p, Qx&j and #tOsg. ,(1926), that th« 
masataarattd ^tydiroea^'bomfi pyeseat ia mtie®ated oilt «e 
largely ree-p©asifel© fox th© iii|a^f to plamts h.«is eo!itrlljmt@i 
more t©wa*€ t.h© tevelopaeat ©f @attlsi©»s f« ute ®a gtowi^ 
plaats tliam smf ©their Aisoot&rf. 
AMiii&ml im.tmB memimt&A with plmt injvtxf of 
l&m B.mt the tis# of iaei-t tfc© Xiaits 
©f tit© site of tii« Qil dw^&pletBi aat .tiJS effect of oil 
dx&plet si a© ©a ^mtel teteakiag. All ©f ttmm pmm^t tim km® 
a feesjriBg oa the- efflalsioas ,aa<i p^edeteafain® to a lisiftii 
extent tb.e pb|rgt0al pf^pefties of as emalBtm sttitablt tm 
tJ®© ipmj pti^pf@s«®. 
fli© stag® ©f gr©w%to, %m the plsnt, w©stfe«r #®aAitlo»s 
at til# time amd followiag a tfiraf afplicsatiQa^ Ul* 
Btthod of ap|3lteat4®a, ant a b@st ©f ©flies faetore a#e a© 
iafl»©»ti§l ia tke fiaal tesults ttm m oil gp^af, tbatt an 
©attlslda ims®iep#2ra.ti«g all the deelxalle preperties of a 
s-wwae® oil will net xmw^q mtfm-m ©f m 
w%%hm-i im$wsf te tli® Stost plaa*. 
iitli tlies# ©eiftdi'fciQa® tn »t.m4 ©at is in p©si%i<s«i 
t© 3,%%mp% %•© foliage inl'iaf f©llowiag %m m®e ot aa 
®il spmy* TaMe t pr^statg iata sttaea:rigiag 'isost ©f 
^@mlts oMftlmM fiffo® the me of ©11 sptafS m f©liag« 
a five y&m period* Pattiemlmip a%'|®iiti®a should b-fis ^imn to 
Itm %. #0¥«i^ the woslfe witk a suM^f oil pogsessiag all of 
tbi p&ysical s©#sei ateessaty f©^ safety t© 
foliage. fbie ©il mmlsMm tm 7f field t#it0 gave I ©ate 
©f severe 2 of »i@ipate, 3 of* tliglit isjmrf, smt 6f 
©as©« »o laj-iiff wm ,ol3®e-tv®4. lli@m gif«a advtri-# 
©oMittQ^ai tMs oil eamlsiott, alt.li©m^ relatively safe, 
produeet eever© ialttry oy t© apfle f#itag@, k very 
ilfflilair srtsult was ©fetaime^ wltli tli© ©oilgtena m&m lt«« 5. 
If givea s mtt%Q-imu% ama^ex «f ttsdex vai-ylag co-Mitions, 
tfaer® l« 110 tlmt •liie «mlsi®»® lletM ia %M tafcle 
would bav# nmm a sitiilst stafeei ©f east® wheje® lajusrif 
©-eewsrret. 
SiMlsioag listed la Itta© J aai % a»# stailaa? t© 
ia Jt@a 1 wltli tbe exeeptisa tlmt of tolsaee® 
@,r dBttis hmt Mm atded to %lie tsalgioms fo? th® •pmrpese of 
imorsstiag tlitiy tasegtloidal tffieieaef. fli@ 
of thm& matmialB lat-e an ias'tt- w&its oil mulu^m did aot 
materially laortaat f#liag© iajasy. 
fke Isjuaff shewn im l"6'©«s J, and i was psebafeli' 
esasei fejr tlie edpp#r, m g®i4t» ftestllleate aixtd 
witli tlie wfelt® #il #attla|#»s* • lb© f^aulae eeataiaiag mppm' 
iajmred is 51 p@3P-©wt of the eases aM tint® wltli sulf&uar ia 
70 p@?Ge»t ©f the cas®# wli©M t&®y w«te ttsted. 
fecshaieal white 0.110, Ite» $, mad# mp as a stook 
ei»iilBi©a w4t^ a em^ &€ m% imjure ia th# lialttd 
af trials gi¥#m« fie taa® ©tie, wMn aoatoiaet as a 
©il, 4sjt*r«fi itt 1^ pmmnt of tti® tdsts. 
P#%TOl®tia ©tls eoataiaiag as nmGh m 3 p^mmt of 
will ©am®® iajmry ia mmt ©aseg If 
tlitf air® ©oafe-iatd witH eusf ©mlsifiai'g* fh® tamlgifiey. 
Item XH-, is a# tottbt 3f®sp©ngib2.# f©ir e$a© sf tit iajwyy 
ofetaiaed witl. BrnXslms Goataiaing leap. The nisGitol# m 
golutole oils, Iteae li a»-i 12, give r^latlvelf »9r@ tnjiiyf 
tfeam da tbe ©attlsloas, Jf» X|» fb.e ssallsi' oil 
tooplet a»d g»a,t«3? staMll-lf ©f tM aiseibi,© oils mm 
3?#®p©astfele to 0oait ©jctea-l t&s the tnimtf that follows tli® 
use of itisQlble oil ,©a'tt|.si©a,«» It is evident tMt, Qthm 
faetoss feelBg «Qual| tlie eaulsisas with tfe« s-»all®a? oil 
aifoplets aye tbe aoye likely to cause te foliag#,. 
Im fabl® 2, a lasgd BiaAet ©f ©a»©s m;& repertt-t 
w]b©r# a© iajwf iras @fe8#CT©t witk aaf ©# th© spsrays lis%#d 
ia Iteas J t© 1^. flues# o-mmt&mm me sigaififissat 
because th^y txplaia to to«« tlj# eoafttsion reamltii^ 
fyoffl 3pep®rts ©f im|T»f -aeemx^iag is th# imdiiriteal 
©xpetiaeata ©f all wfl®ts» 
fable 2 
isMTioi iifwisi m msmtmB AID fiii:ii mmnm Bkmn 
WHsi iPPLiis 01 ii»fis fmtkm m 4 m fm 








11 Misellsle sL % (Table continued 
•Petfol^nas wltfe mltmgm m on page 3^}-) 
furfiiiraata,, tlilaelioss altmlo-iis. 
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SI o o 
4a 
« 
wlileto lias Bhmwm t© t® s» oil t&® of 
4lsp#?iloa la wbMbt isfith. United agitatl^a,. TMs amteytal 
was atd@t t© til© oil % ast 6 ptteeal ^espeoti^tly, to 
study tie «ffe#t ©f ttiis on tropl©*! ®igf sitd 
foliage ffe® tang® ia 0II i^Qplet sise it®eg not 
i}3pes®at a tmi# fiotmre ©f tM e^ailtiea existing ta tii® 
dllttte Bp3f&f« ©f tHes® oils. 011 io.137%0, Ilea 5^ odntatas 
mmf s»all oil i£©pl«t« tfeaa -Oil lo.lJS^, 3[t@a 3. 
With emh toerea&e ©f tlilg eaalsifl#* tto*® is a eoaptespQutli^ 
xadmetloa ia tUe atasage ©11 to©pl«t iig«. fhi& 
la oil di'Qplal; gig# i»@te»8e4 lajiaary m is stewa 
in Iteas 3 5* i©ae-M tMeie ©iaslii©as eamsed iajiafy to 
the ffuit. 
Stool ©mlsiea le.SiO wm nm& in litis @^es,iaes$ 
m a ©oapa^lgoB witb tli® other eaulfioag. It mnt&im a 
teclmieal ^it« oil wltl m inert ea«lsifi®r, tmiel:, Ijseakimg 
fr©pertiei, .and is selatifelF safe m appl© foliag®. 
Ssl^l® oils I##.SgOO aad SffQ ©ontaiE tb# sm® 
rati© of tiiiileifier as solttbl# oil I#. 17 tet me pmpmM 
with 6© and tteoad lfi®@ositf iljit# oils la 
Iteas 7, g md 9 tlie^ee *®8: a® market tiffertno® totiweeB 
teolimieal wMt# oils m& Mm less satmsated oil la tlisii* 
iajmxj eitfe©^ to farmit 0? foliag© whm %'mf wem ©sulglfiei 
witli certain soapi. 
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iisiofisisi «sfs iita fBs mui^siois 
til® oa^soomsa maoaella Maa. 
fite ©odltrng is tof fay tk# BQ-st ^mtrmtlm l.ii»®#t. 
iaeonatttti. lit %li« ftetttptlsa #f s.FPl®«. fU® «iimal afemdaai?# 
Qt o ©41 teg »®tb sad thm iiffieiillf M seeurlag aa 
©omtrol te? tke ©f p@t8cm sprays l^ave gitea ttelB p«8t a 
rslf as limiting apple prnttimlmtlf ta tM© &m%im& 
wbeye aipples »@ gro*a e«»ieta4&ll|r. la stssetts ©f 
•fell® late toto-et Imrm will i®sty©f tmm 10 t© pe^etaf ©f 
the ii&?l:etatel® ftiittf fiiis ©.©adifles psyiiift Ib ©irebajri,# 
ysefiiflag 0iM to twelve spmfB @4" lead arseaats.. 
msmiml ^^afs ws#« flt-st against 
»tii in fee0iai#aiatl#sg tool Cli$0| mil ii#r« ©#ntlaa®t t# 
th© ffiost fatlsfaet©!'!' ae%l»€ of ©sal?#! frwliei a sttffteieat 
ooatisg of ©ptsy Is- m tfee f^4t. f&t liORbet 
aiTiesisal spsar® afpllti &as ti»t«i,set 4a aaay a»l@ ^Qwiaf 
aad as a sesmlt tli© ii«tirest@4 fmit eajrifSet meMms 
Qf mmmio la ®xci«s» tli® legal t«le?a3R#@» 
fill® ©omaitiea tes fewtt ©itlsjr tlie d®¥®l©pa®®t of 
@ffl©4tat ^-s#mt©al spmja m of mpB^axiemie-al 
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fotn? ©f the lea€ airsemste gpfaj's and. ia %&#«# spyays thai 
©cc\«,w&«ii tlie liigbesi p®r@«tsf© #f «fg@ ati ©a tlif tmm ami 
fruit. Tills stateaieat la- la. B.mm4. with tlw "'Eepoft ®f tfee 
lestera Cespej-ative Oil. ipray Project foif Btffee? Fruit 
{193^1» aad th# fa#fei«gton Sxperlaent Statics jpeeeaaeiitatltat 
t  m i s j z .  
mmm, ^  im 1?^#. 
tm q£ higWlf ea-twated liiJlt# oUs 
mutsifiei. with i»e#t eattle.4f4«i, ©ff«et tbe fiirst oil. 
sprays tiiat #oiild l>e ms#4 m f.©itag^ tert^g tM© growing 
gaa-som. ®ie safety of ««l8_i«s ©f tliip tfp& Ms hmm 
hf d&§mg llftt)-, imgltsl {IfMl, aad 
al (193^). il«giilt8 of lesiXeej (193§), fUmt (X930^l93l)t 
md Mm&omr aai fdtliers (ifJS) Mm sbowm flat emnislta.® 
tbe teas©% wttlismt •H^.nse of l@sfi «teiiat®, caiin©t 
msed to ooatxel ©.©dliag. fimm me nmBml reasoat tm 
m%b fitmtims 
31 • ©IJ «ml,8.loai ftt# p:simmi%y mmtmt gpaf« aad em- mt 
fe® af.pli#4 «iff.|e4«R%ly ©ft#a to till all 
iarira# wlth^mt aistwfetag tlie iJhfaiol.oglei.l tevelapatat 
©f tfce fmiit ami t^ee. 
g, fii© OTisttal. Bfimt of 0i.ls ©an M ©alf 
©eoasiemlli-. 
J, iMaej olj sp^cvfs eaa »©-! I»« ttied witb, tM ate@seal?y 
fuagiciies mm If is the B#e.g©a« 
Bum^t oils me t©o e«p@iisi¥© «lieii coaparet witli it at 
ffifsdaate sprays* 
fii@ larv|e44ai isff®e% of m dil §.epmt% %b 
to ttiat gitea "fef les4 «^»«aate, as i® siieifii 4m. tesm.Xte of 
Flimt mS. fa»st ami. &«&«& (13^2) md lew©©a@3e 
aad T©t&«g field tests e©aslm©t#4 $m 
mny Bt&t&s wk&SB ell aat X@ai &2pwiist«- !»¥©• Ibeea 
c©iipa2@4, all f&f®x tft® Xialiti ms# 4f ia tb# temtxdl 
of late l53f«}©«t 00iliag scrth lafva®. la »«t ©aset tlie lesi 
spmjed fTOit liss tei leas ci^diiag wecfeU #sff«iia#® liiaa %h<& olX 
Bpmyed ttvM im% is the 
to J met iff tlw mae csf l.tad tastaate M Wm Xs%« spfmfg im thm^ 
QTchaxm -lliat art sot to wash tlit fmit. 1:& %%%& 
T&g&M oil. eatt3..si©as tev© sirr«t at a aid t© mMtn§ 
aeth, coatTOl iwli^ the  p©^i#d w&e» grwets lia^© mm 
tem$mi^tng, tmit a#%li©€s of liarr@stl».g aai paefeiag ©f 
fli@ f«.#uXtB #f ii»i B#«a llfJO), M^-wAXm.f ®t 
(1930), Fliat asd saA f'QtMmxt sad Clfjil 
.imdiea'lt tlia% ©11 6*iXsi#ms fee i^festltrnt©! fm Xm^ ayg©mal@ 
ia tM lat« ep.X'afS. §41 spirsfi applies at tliis stasia 4® 
EOt fi@dme© tlj® iii3i»isms effeets m ttae gro^flt tkat Ifl bireugM 
about itie» tlae ®ai»e eprsys aa?# mse<i ia tlif 
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fwo t;© £mm applieattoas ef tw© ©il ^sulflioat lia¥© 
fivtn pjr.oteatl@s la tto® lat# euimm spmys. 
fii® spiaf •y#©©aia«a<lstl©ae fet Jisst seetioAS 
tbe dlif®e-| iul^stitmtioa, ®f @11 iparaf® la tb# flse« of tl# 
nsmal lead ax&m&%® Bpmfw^ flil« Mas bs#ii €©fi# witlioMt 
regait i&t tlie aost efflelemt use ©f oil ®|>mrt as ofiQiit® 
oa tie eodling »tii eai. iswdoaef mi- imh&SM C19|S| f©ua4 
ttiat ixm S0.§ %.o f|*6 f®re#at sf tli® ®ggs failed f# liatok 
If s|5,rar®4 witb a twQ -p^tmrnt hmty ©it e«ilg|®m aM 
pe-yitiit @f ®gg8 Aid a#t tote-k if lali witiiis smm 
day® aft©3? %m apiilieatlds ©f am ®tl 0piraf, fli# ovlelial 
©Maiaet ixm ©41 tp^ay# will sxplsla la ®aay eaaeg 
wfe.|- t!ie Bm^ <511 $WB.f te® giwa vatis^^l# irtsalts Is 
sweeMlJig f®Ms aM !» ©x-eliafis» 
tMA liiSi. m tH atlfe-
iia0.e lft7 »iotea*d iisr# l#ea .deatmetet t& 
Gmp&te t&® ©f ail ©»ttlato« spmfa witfe tbat &i 
tilt l#ai axieaa,*# tp^sys. fMt #alit€ml®^ f©llwed for Aatisg of 
sps&flm w®-® ©eiiMttle ^tsoaneaded im tli« i?t@peetiir» 
yeaS'S l^ii %q 1932 tof tfee lillaeis Afiel«ltmiral 
Statlsa. 01#s® suf«rrlsto» of tlie stplieattom ©f tb© sprays 
lasmred a mif0» ©@f«3*iaf |a all ©f the #ip®ula®atal •oi'olisii®. 
Ixp©ri»®stsl felsnks #f apple® w©y© lade up cif aatiit© t»ee« 
itk 
f joa  t o  feaars  o f  ag®.  lae l i  ©oa ta l sM 
tweatir-fif® to tliisety trma of tti® ¥»le%.les J©aatliaii,, Osimtg 
aoldm, St®r»#a ilmeeap, ®r Bern Bavig. fb# spmy idiots were 
S0iidm©t«d ia #pll.©a%# ©f tyipliest© 4a eaelte ®s©Ma»4. 
Hita tie fmilt wai-rsadf &«ir@0t4ag tb# 
p®,?f©a^o® -of tb# t»dif4SuaS. sp^afg was g»i#d hf aeatesre of 
the eatewl^gy staffs, fii®## aea, at tfe.« 
tiae tliey sowed mQh pl©t-^ mem •a&faa.lllsj' with th© spxaf 
treat^est tbe pl®t iiai fM f©ttf ©©at^ir tmm Qf 
tii0 plot ftttaisliei. tbe fmit umd ia spi-af pe^fsmawi®. 
App;i@ plsktya tbe ftmit far©® tl» tiisltf @f 
tbes® trees* 1 ose^tMouswcl appi# s««p3.# ws$ taMem ftm tbia 
f»uit af tlae ®«e|!ie to b® gyadti. ta seoariag tto# pl#t» 
SMSS iM. m. asM «^BS&-
ffet popilatioiR 0f Qodlt^, mfb vatitA ia the t®-st 0mMMB fmm 
llgbt to ext®@ffi«lr U^mw, tee.MiJig ia t&t f-l*# f®ai?s @f 
te©®3p{ls 3f«p»et@atatiw ^mhrn^b 4» thi appl# gseowtag 
fi®stt0»8 @f tie ®tat«. 4 stfflaatf ©f fi're yeatg ©f data it 
given ia fabl® % m4 Ft,giirt 1. mtm % ^aa M msei. ma a feajl® 
of 00iipari»#a »ia©e tliis tseataeat eoafsMi wltht tlie 
:ree5»©atsti©»s tb® mut^ol ©f »e©iii. m& thlM M'9©4 
eedliag a©tli t&mm> £®ai atsemt# was sppiitd at $ ptr 
100 galtoas im wmjf  If§9, l$3&* an^ a* ^ pmia€t pm 100 
gallcjaa ia 19|1* f&ig elaage ia if31 gm& l®at arsenate aa 
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asl?aatag® in ss BO eliange was »de In tae ©il gp,xay 
icMduie. In Itesas 1 «jd B a direct mmp&wiem is 8li»a 
betweta lead ajesen&tt plus liyi*at«d lla« il puimd ©f lead 
atstaat© t© i pTOsds ©f lim@| aai oil ««l.si©a at 2 pereemt 
coaeentration, fli# •rtsttits in 1927 *«© d#@id«€lf mfsTsrabl© 
t© the ©11 sf^afet pj©t. fib© yeat® Ifti aai 195© sliowet 5 
pereent ant l6 pemmt less tstranis®! in tha oil spray«4 
fruit. In 198$0 55 peretat md Im Ifjl* 3.S pexceBt m&m' 
larva® eatsrficl tbe oil sprayed. imit» For tlit flTt fmax 
If .5 p«.e.tat laffme eatered th® oil spraf#t 
thaa tli# leai ars«aa1ie spmyti fiult. 
Itias 2 sijA 3 stk@w fke perf©iraaaG0 ©f tw© oo^»©ial 
wiilte oil eaiilstsas. ftm d?#plet sis® ©f tlisee two oils is 
illusttatet toy pMt®aliiy®@rsptos, f4|p»# 9, 0 fmil D. fb.# ©tl 
droplet eim& ia st^ek boo 4s mmh lajpgtx. the gaulsiea 
eontaiag 15.i f#sc«iit l®ss &tl, has a r-tlstivisly 1©® wett$ng 
pmp&^tfp aai gives a tmf sp0tt«S typt #f ©ovejrlag. 
Oewtreiftl @il Steele Io»§ has M®11 @11 droplets, bJLgb 
BMd imwm a BmQth, mm ©11 swwisf# If th® -prnte^tim 
given fttilt fvom eodliug actlh lar¥ae t.»d tirie safety t© fmilt 
aad feltag® fe® ©omside^td;, the ©il st®olk 200' Is supearlof to thf 
©tlier ©il mvletm fm saeoad teoo# eodlimg mQtU eoati-ol. 
MM. sil. sg^M^a §M Mmm-
plant ©xtraett fr'Sa ,fl®w«'s, tobaee©, ©r deryyis saof 
0oal5ia#d ©3? aimiA witl BiO havt feees givta mmj 
flelt tafiait. Ssts ee¥«li^ t&e work witb ©©411»g n^tlb aw 
givem in fable %» Items if-, 5 and 6,# 8aml.sl©as e©ataiai«^ 
txtjrssti ©f is- imd ffxttlifttfi wife f©mafi to M Mm toEit 
to eodllag %&rfm mM»s fieM esatittons t!i«a the ii#m*' • 
S.®pir©gmat@S tualftieas. tie &t ©it^e^ ef %h® flast 
produete te tli® mtim of saml.i.gli't aad «sfg®s itstrsfei, t&tlt 
aotiTttf ^mm4. imstets, m i« eltatly 
lafe#sat#fT Irs-sta. Tliese saae oil whm tested ia 
tke laljo^at©^ aft©^ a lelstlfelf Mhmt mpmm^ %q %he als» 
ooasisleatly gave petfeif-Ma©# to ii@a!*|^*t,gaat»4 
e®ulsioa$ nim ^ala®t ©©tlisg mth lafvae» Flpar® t# 
ItmB 3 i. 
mm issssim* tb# »se &t 
sieotis® with oii emuisioias is f|»4lttg & p.la#® ia tli# oil. 
tprsy p-regfaa tm ©eoeaA ligoofl. filing »tli ss^osdlag t© 
Herfeejpt Cl93i-)* field #-«smlts with ttteotiat aa4 oH 
sprayi I faW.® %, Itm 3$ ©^aaX m mpmlm tm 
lead a5sema-|-«» fiiis ia 4» line witk t-lie Qf 
a»t {ifgf •l#ga» Clftf,, IfJO), I.«#asx€ Cl93«l, ipmlejr 
aad Mm (1$3§} mA 
fli« aost favoumMe nixto® Qf ©il aaft atc^tta® liag 
b@sii tkat of s^nsset #11 e«i3.@t#i» at 1. pt?©eat mmmttaMtrn 
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Percawtaga of Apples Infoated 
Figure I 
A flve-7fear (I927~l93l) comparison of oil sprays for 
the control of second and third brood codling moth larvae 
mder orchard conditions. 
Adaiiilf1a?atl@a ©f tli© Oaittd States mprntrnrnm. of igritmltt^e 
lias dst^ttd eossitoa^l® atteatlsa tft t!i# jpesiaaes sreaaiiilsg 
on fteali fmiit® aafi ^egetslal.© ptQimst-t ©ffeted im *ar-k©t. To 
oonfdm *itii th® msimB .®taate4« -ot otiitr nations pm^hming 
toesieaa p?@dtto-%s^ tk@ Fedeiesl ©©fsisaeat satafelisM4 f©r 1932 
the a^stnieal mwl&m tolt^raiiei «f 0.01 g;raia@ q£ bx&mi0 
tri03Eiie pm pcmstf of fruit tiiat was offered fm iateEstat© 
siitpia@a%« 
fb« fruit lias .:re©#gaii#d im mm tiae tli® 
fact that fruit sp¥,af®d ihmughmt tb® teaeom, folXming th# 
ii©dem ipjray ge^eia,!#® tot MaM. asnm&t® eprayi, would apt 
aeet tii© sesidtie srtQiaiseaeats wlthomt #leaal^. la©liia®^f fm 
Ql&mlng fJttit Mm b#en tsveloped f®r tfet wasbiag tetisliing 
df the exesss tml^eB ffaa tM Wasfeing now 
in u&B will aliaoit ecsnpletely T&mm GW&inmty t%&idms of 
arseai®. fM a4teA eest #f tlie .eleaaing of fyuit lias 
stiamlated tli# m&^h im a, suitabl® aaterial tMat can- 'b® ui«d 
as a autostitute for l@aii arsemt«. 
flje wfelte ©il eiittlsioae m the ©mlsioa used with 
aiootin© la t&e 1st® brsM eadXiag autli ®p«fs iisfe ps*©¥@m 
tbei®g@Iires to fee the ®©»t mttstmtow satostitmt© fof l®a4. 
a3fg©aat®. In ©Bly a, f«w «iia.im|, oseeg Ms fruit treated with 
eitiitx of %ii&m spraff fojr tlie late bJfoode of codling aotfe 
larra®, eTO##tet tk© soseM toltraae© ©f 0.01 grains. 
In th# aajoritf of the omm tk® have "beea w®H toslow 
tills flguy®. 
fable f illmstrate-s soss ®f tb® i?0#alts ofetalaei. 
froii th# amlfsts ©f gpjrayed fxmit t^«a froia thf @xp«Jiw»tal 
plots* Jto all ease®, for the jbbmq IfSi to 193^, tli© frui'l 
s5a?ay#ci witli oil ©iMisiom feat a©t tli@ world 
tolerant#. la all easts (excepting #11# la Ifgg) tte.#- fi^it 
©prayed willi lead aarseaat® has th« toletaiiee ©f 
0.01 gmiaa.per petmd of Imit. 
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f# f&e analyses of f^ult fo-r 
iOfsenieai sf®sMmt imm pl^ts tr®at@€ in the lat® 
to'Sii e^dllag with tw© p#?©#!!-! white 
0il esttlaims m tlie stxengtlii ©f 
lesfi &'mmt9 s-ad ^yiygted lime., flie legal 
t#i«x.aii©® for lf3t w&« 0..§l,gmliifi of nfpe-mie 
"l»l©3Cii# par p<»a<i ©f fstait* 
1 
Y#a3P 1 
of' i»s,l,ys#s*" iSraistg of aJg^tni© -tritxid® ^ 
JB« ..u©ma€ 
W i Mgemt# ' 
1 , 1 0.00^ 6' Q.,mSQ • 
.mz^. 1 1 O..OOi0 ., 0,.©1*5Q 
„. ,1930 m % Q.mm ., O.O2S0. 
1911 , 3». ., .... B 0.QGM '0,mm 
,, jmM. ., 
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apples sad tlie lawae a?© liixe briefly itsmsssd. f!i© 
setbod 0f apply lag tbe sprsf I© tli® tmi% was staBd«d4a©€ 
as to dietribtttioa, t4»@ aa4 ptestttfe, lieurg 
aftey spraflag &mh apple was lafested trttb te» mwXf 
^ateMA larvae sat %hm flaeet ia.a ^ostrel 
aaintaiaiag a t0»p@jstw« ©f i0®f» and a lelatlTe 
of fills eefsf ©Qacilttoa® wm& fomtfl t# 
©ptiaal f©r tiie, ©atjeanee ©f eodliag ii©tb l«m« intQ 
uat2^eat«d f&t iiif#®t@4 fruit was fcipt t»de2 ©Qatxail®^ 
eoBdltioas for twimtf^fowr hi>m?s aai then pla©M ua^t 
laboratory eendltlQas iiatil it was. ©kicked tm larral 
eatx-aaesB.. fbxt^ apple® wltli a total of lliirty larm© wet® 
aoasid®3S«d a series smd a eh©#l: ftpplt wit^ %m larva# was 
included witfe meTf two sei*i«sfc 
S®teB em%m of teats wex# .^Iwafg aoadueted with a 
single @«ilsi©a* I» the t©tal t«el a iiat©tlal ttea fteeiv## 
tw@atf-oae m mm® ttial® ta wblcii tw® liwuSred asfl %ttt 6o41l3ag 
a©tli layrat were gtvea to m%m tie ip^sftt 
Becaias® ©f tb« mmtiiml fs;rla.ti#a of l&fval vitalItf, it was 
foiiM aAfia&l)l# te eoadMet m a material tie stvem «all#:^ 
tests ©f apples ©aeli met a p«ri©d of dafS "feefor© 
eTalmatlRg its relative ^ffteienef, ratbt^ tbau to sialce a 
latg© siagl® te®!. 
S0«iag «ci fsutt was dea© 
(iays aftdt iiifestatl©ii. All data obtained w&m ©aloulatM. 
agatast the axttttee^ 0f laj^a® est ft tag: frmit. fli® 
rel&tiv# ©ff|et«©f foy muh eml#t©a lias feeeii ©aXowlftted m 
the toafeis sf th& mntml Qtmm t'be imtteateA fxBit, 
f©t tli@ puwpQm. of tlie eimisioas th&t 
are irelate<i ia eejrtala ttt^edSsats are grouped togethsx, -as 
sl*©im la fstol# laeli gimp is gxrmgsd ia ta© ©f its 
:?egp#e'fctve miiMXemj eoiliag mth iartat* figat® 2 
is a g^aplil^al of tte #itwt pmiQmmim of eaeli 
aa.tti'lal tested. A poirit ia this graph aetpstseatB tin© rtsttits 
of a laM3fat#.rf teat ©a a f#sip®0tife ©miajsloa* Ihe ©«t©^ 
€Xtj?eia6e of th® related forsmla® art eoaii®©t#<l witl a fieavf 
lia® t© btinf out tfe® m%m% oi ia tke gives, 
toy this g^tmm 0f eismlsioas, Wm ^ieatmess, fable € m& Fiptt© 
2 will ¥e dis,e«8se4 foge-tfeet# . 
mM. ali ef. aa maxUim cam 
b« fej tMamgiag l-toe ©f tlie q%1* fhe 
tffieienef giwa fef 15 oliaag#® in visc#0itf wa» peseaest. 
fhe oMm^m i»0lttt«t ewtr tiie emtlire saatt i» oil vifeogities 
s«.itsM« fot t3P@e BpT&f oils., coattol is oaly 2,t 
peTOent g^0at#r tliaa tl»t gtrm by tM& $3 Bm&M ©il wbiek is 
tie &me m mm&miMl oil stoel BOO. TM t&tml taag# ia the 
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fiae addition ©f fuBgieiits t© py^ethttna ©mlsl^BS 
arftoeeA their a¥#f age SI p#:fe#»f -. smd 
jsapMtlicjl €id mt 2t4iie© kill i-a gt«a%lf as aid. oopf«3p 
eoap, fiiraji44«, c©fp«3f attlfliux, fabls i, It#s 
figiisre 2, lt@» 6. 
milt oil .tmalsiQBS. slae. i|S2S|S» emlsl©®®-
with ttleotiae tli© eeeoad ssit eiimmt eodiiag aoth 
tpraj# fsM® 6, It@ii 2, Pig«.ie'2, lt©a J. ftie gtirea femala# 
tested aar«age€ tm pmmmt Ises ©ffieleat thm tli# pyretliin* 
sprajs-, sltlioufli tlie sang® 1» eostroil, SII©to hj tlie ©11 
aiootins sprays Is tfesa, fm pfTeihTm e^sfs» ill 
Bprcjfs of oil eaaigion witli siefittm# were ©«# effieient tMa 
wtilte oil tiamlsidas al^ne. tiii aee ef oil esmlgios-mioo'lla®. 
sprays la tli# fielJ. lias ^©wa tii# i-esitue to fe# as toxl© aad 
nmwlj as f®y ©odllag s©t& Isrva® vskSMT field 
so»ditioas as tliiit ©f 1«94 axs#fiat8» ©11 «»mlaics&s @siita-iai»g 
aiootlae sire tli# oaiy laixterss ©f oil an^ a plant psslsoa tlist 
liats withstood to wsathey appi'-oxiaiat# to leai 
a^ssaate. 
'sm§, sM. iga»fiiii.. nm dtsjis 
a©t a©?# 8l©wlf asd a®?# stable to ©sida"fel#» tbaa ax® the 
sxti-aets. 1% wm with tii@ li©p# ©f iXm€ing a 
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0 10 20 30 40 SO 60 70 80 '90 
i 1 
; CoMtMrcial Oil lfu>»b«r 5 
EauXtions " 200 
7 
^ Sayboli Test 20S 
Emulsions With n ~ 
Different •> * 
' Viscosity Oils « " 83 
60 
" 40 
i f , .  . » . i .  " C c u l a e "  
! l»ith g^Reduoei) 
: ^fferent TristNnolartnt 
ululsifiers Qyg, 
4 Beta mpMbol 
Biulsions With 
; Fungicides »04 
, Sulphur 
Furf uranlde 
J Saybelt Test 150 
Emulsions With 83 
Pyrethrum 
Extracts " " *0 
Ground 'Pyrethru* 
Stabilizer of * 
Furfural 
^ Beta Naphthol 
Emulsions With Copper Soap 
Pyrethrum and furfuravide 
Fungicides Bordeaux 
Sulphur 







tHulsions With ** ground 2 # 
Derris " •• i " 







Emulsions With Sodiun 
Fluosilicates cf Calciun, 
-
, Croup Ho. I 
Emulsions With .• 2 
Mi sc. Croups " Mo. 3 
ILd Ars.-time 1-2 t" 50 gal-
'^Control Water » 1 1  1 . 1 . 1  L  1  _ L  
0 10 20 30 40 50 60 TO 80 90 
' Percentage of Control 
B'igure 2» The relative efficiency of technical 
white oil sprays as tested against newly hatched codling 
moth larvae, iiach point on the graph represents the aver­
age efficiency of a fomula for a laboratory series. 
a#d BpMerj, fetraayelias sp# 
umm MiM .21. 'shm. bu. .a^sSm m mmmg* 
mnifmM &m n^ttm attaek^t hf 3fe4 sptdets to Bmh 
m mtmt tiiat tb® fomgrn «# Wh%m %h& 
ait®e «e not siifft^leatly asmaiamt t© s©tmllf 1:111. titt 
tmm^ %hef g© m@tmf the |a tto tlmmnm that 
th© %r#«i apptay Mmf ©f uetdlei toe#®*® dry aM 
#ff Xfi'dTiag th# trte , 
In geatiraX, it lia® a@t b@ta saf© te 
apply ©iX upmfs to th^ f#14mg@ s£ eoaif^ts ia tli« suMi^ir 
»atiiis Of aft« growtli lias gtattet.- Gmit^t fdliage is »3re 
tenglti^e t# 0iX tliaa f#l4age. fMt does a©% lataa 
^hat QiX wm&f^ psepatal that wlXl l^e 3r-®Xa*ttir®X-f 
faf© oa oostfei?®., paftiomisrly tli@ mm .retlatamt farletiti 
ittehi as lumlfe#, .aat s«t fejea® M sprue®. 
ITS tbe ceui-ee of tMs project fi@X€ t#tt® wmwe e-ajrfi#«i m tatsto 
jem- t0,det#»aias tl.© tfftot @.f @st%ai»^ tils m e^stfty 
foXiagt, la faM# I s sumajry #.f tk®#® t#.s%B Is glvm wlitttlni 
s®v@mX faets teoa^t amt mgm€tm^ ftllag© ioMmme as4 
s-ed epit©:ff s^mtxciX* ©11 ®t©0k 20i gav® tlie bfst ©o»tJr«X of 
Ted s|iid«if of amy @f the mate^taXg ttsted. fbls oeat^oX mn 
t?.0 X^gelf to tfee tfft adatiag gXfm ly t&ii oil 
as tto©lt 200 i0®,s att wt ©©atfet' foXiag® hut- adhtxsi isi lilut 
tmm sf tsops# Wlwsa this tff# of tMpltion dries the oil is 
<iep©sit«d -i» ti»f Epdtd &v@t tli© mmim& bathes' •fcli.aa im a 
filSi as ts toy oo^aeyetal oli at-eck fMi 
type ©f eoatimg m^mm ttie iaager ©f iaju^y •©! 
foliage aad l^aws tlie ©il, sftts ©re.r the gyxtasie 
to @at»agli til® ted ^idssfa m ttief m*-ml tiit'ated3.@s. 
Tm ifflsetliat# ©f tfee 3?eii "bf ©11 etoefc tOO is aot 
appaxeat, but l%a. gives ths iitst satlsfactsiff 
©^Httsl. .of ajif t©8t#d, fh@ stdilloa.Cif a sat#siai 
ts this oil taiy.lsi®a t# give it wsttia^ properties did 
»©t oaiise follag# lajms'j tJUl 4isl retmee tlia pr©t©ett@a 
i^fferdeft aguiast m-m. spltti. 
|.a %w© eas^s ©ii it©et 6ffO gsv® veirf SCTer© 
liCssll^Xf ef %%b im vlseesitf md rafid ^emtrntim, 
013. st-oGik «®ml«i@ae J.tSO »a4 were not a» petsistest m 
©ii §©# attt tli. a#t s©mtt®|. jeti ii5iis.r,. fbii te1,at iom 
to«t¥0tm pefslstefts© ami xe't fpldtt Is is, 
witb the flailRgf -©f ifOiig flip)* ©11 §220 ffp 
©•aused iii|a;rf I© 0#!iif©f folia-g«# 
fh® #.f e#a4f«^t oils tepeHds tin tb# 
gpeeiei -of tlse tts@s, tlie stasom of tti# f©ar, eeii.00iitmttciB, 
satmfstiea snA tise'esltf of aad tlie wettliig powti? of 
the dilBt® ipmy. .Sprsf© witli fetgl wtfliag f«tt »@ mom 
to3Ei^ t© ttea agxajt tills p-t®pfjrtfTfeii 
-67-
©xeludea tlie us# ©f 9ils wltli goap ©sttisifiers, guch as 
aieai'^la oils aM Imxt emlslfied oils -wilili bigh wettiag 
pmm,. 111. oils should M ®f Iseetoiisisl white ^adf aad tia^e 
a ¥i®0@sitf gseatei? tfaaa 6Q seeoads md l#as tliaa 100 itsonas 
Ssyfeolt. flit ©osoeatsatloii of tbe ipsay sliould fe# as Im a@ 
will o-0st3fol tfat p®nt iaTOlir©d. The tmbnlml wbite oils, 
pxspejrly eamlsified, my 'to# applied with x^elati^e gafety at 
any time of the yea*' ©se«pt ia exts#ailf fe-ot weather. Gar# 
sb@aM ^8 tnkea.ia applfiag #11 sprays t© Ijltie spraoe, 
GOffipact arto®,3F-»»vitae and all nm. pl»ttiag», fli© toeneliiiig 
®f f^llag® witli oil spsays fliemld fee avoided. 
Piae-i and Jmipeta will t.ol®rat« om m mmn applloatieas 
of 1 to 2 ©il effliilsioBt., gpstt©#, «^or-vita@, ajai. 
similar t®ad« npmlm £mm 0.5 t© 1.0 pef^oent oil 
eamlsion* One, m at »©tt tw© spplidatioai ©f tfe© pT&pMS 
otl «ilsi©a hme> givea e»ellest protection tm lb® mmon 
agsiiift tfae oomm mA spidem attaekisg ev&rgrmm* 
mm iasM M. mM m. 
Oil ©fflalstoas kaire fee@& tested on fer 
two seatont. In tlie-se tests o,iie to tbr@@ .appli0ati©ms #f 
atoek oil l©»20Q at on# pemmt mmmmtit&tion. g%v@ ex^tllen'l 
control of t@-4 spidsi' witlimit iajmf to the foliage. Th® 
gpjrays wes© spplitd wit^ a power sprayst at a p3r©®#ure of 
• 
piiw,a<i8> It was neetstaff use ear® to 
wet thoroughly all tbf leaves on tli©ir gi«faeeg faf 
gatisfaofery s-esmltt. f^r this p«tp®s® a sbor-t *od eafrfing 
three flafi rnomlmM tt*ra#d mpwasd psapul'I'lesi ©xeeliemt spraylijg 
fros tb© nMm 8lte. St©et oils 322Q aat gtJO did aet iajia® 
the foliage femt fsllM to eontrdl tlid altts. fh« low viscotitf 
of •theet %0 ami sseoMs wotald guggefl 
that tliey penettsfed tie tissues yeadllf aad difi not lest© a 
persisteat @il film ©ataagle tie ©rawllng 
FaveifaWle rs-gmlte wit& ©ils m ^®d spidej* are 
tep03ftei. final (191?) oa euenafeefs, lewooaesr and fotheirs 
C1927) ©m fiealf wmtmmh ms, SuM m ex4oii»b©ifs, 
and aoaptoB (1931) ©» ^ee»liomt@ ©spoiss. T©tli®rs and fee.oa 
(1930) mfav®faM® s««tilts l» ©oiit^Qlliag %M ®gg ®%age 
of the eltinas smst alt©! PfaglMooptfes •®l®ifQ3ras ^slaa. by tlia 
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to tlie i&wmla, ©f A.»©t-I Ahhott 
f©«sd tkat «Q:rt^l4ty c©uats @a Sam #©»a- set.!® laatls 
thirbf days aftes the twmtmmt l»f §pmm 8^««3?at« 
iadia«s of la tiit «©i"lallty • o^simts 
were mam ftm feai? t© six wmkB aflei? the oil ms&f treataem-te 
wsi-e applt®4» 
S©teb3.e ©lii Mm* 3.6 md fH batata tlie sa»e aa#*mt 
©f eaulBifl©®! feat @11 la.li e^t^lns a liglily sstasstti w&it# 
oil. This mutsim 4® i®«s ttafel® thm tto® smaX&im ©oatalBtag 
tbe lamgatttfated ©ilj figare 6, B uit Q» fit®' «ffe©t &f 
s-atuaratlea on tM stu'teility ®f G41 i©.l.6' %s 
ia tlie filff#3re»#® t*9 4m. t&t »Q3rfality 
of goals. fii@ less itabl# •i©lw%le #il 1$ la tb,e mm. to^t6. 
Isulsisas ©0ii%atJi.l«6 ©lis ®f |t leo^ads of , 
vifooslty art aot persiataml to giv# a 
b&tiafmtotf qm%m% ©f Saa stalt. file effeet ©f tfet 
j-atl® ©f ewiisifte^ t® thf 0IX ptease Is ia tliis 
sewim of lew irltoo®itF ©lie. teirnll,® ©li ^©ataia® a 
laigb rati© of taulsiflej?' t© tfce dii amd is Imn %miQ thm. 
e.#lubla oil mq,h4 i» wkieM tfe® M®«st ©f tiiiilglfltt ia 
fedaeed. Solmblt Oil MoA'i is im*fee»®€tat® feetweeii fm ©tbes* 
two ©nulsieas ta tli® mti© ©f tamisifler «€ tli© toiiotty 
t© 8oa.le., Fig®ee 5« 0 sad B. 
A mmp&ximon #f ^ ite»s % t© | 
stows sttpe$i<?xltf fo» tli® SJ seeoM viseosity similsiaas. 
Viseostti- aid sot stability is the dsalnaiit fact®*' ia t&ia 
aQjipsrIsQii feetwe#!! lolafei® oll9 Mm* 1-7-»- ^ %f ate all 
less etsfele tiasm tii@ ®@a@ai vliesslty #»ile|©as. tli©mgh 
til® tan3.®lQft,8 sSQataift tli« sme in 
qumitity* 
dtOttg amd EaigMt Clf2|| a® thef dmieBm&&€ fb® 
&m&vmt of »a|3 mnlsif im med is^ telatt^a t© tb# pf 
oil, "tMe ^renml.t© 0hmm a ptegresaiire l«©2#ase of kill m 
the aaomt &f smp wag 4#et®a!ied« "brnt iri.tk tli« least aadim't 
©f &mp msad, mamelf onfi prnmrntf waa mt a ©©apltt© 
kill Qf til® 0tal®s." t^Osg (If26) gaw aMitl#ml dla%& 
0uT3stsmttatiag tliia pjptaeiple. S©.l«fele ©il® fe8«90, ft gftd 
17, Items 5, 6 sad f eff»@-fe of tlie jeatl^ ©f 
til# ©aulslfle* sa€ oil m ijfsflet sis.©, fereakti®, a»d 
t©3£lo-ltf t© Ssm Job# s-©aie. Selmbl® Oil I0.9O ©Oiitaias $&« 
a08t ©mlsifie.^,, Mas ssalley ©tl dxe#l®t-g sm imm 
tliaa either of the oils Mm* 22 asd 1|. Soluble oil lo.lf 
pm&msm the ^mmet telas©# toetweem oil as#- It 
Is an e»lsi0ii witfa irelatiftlT 3.axge oil dte^flsts, qmnk. 
and a aaperi®^ Mill 0f Sas Sm® seal®. 
S©lmbl0 oils a»d 1| te-T© a. staila^ stat^ility 
aad mwsp&B fmm&lf witii. €>»© ametli^ie la toxiottf to .Saft 
Jote eeale. It is fro® data tbst ^ftlsirnQf 
iB W fiBmeiff ,  mtumtimi.  asid oi l  dmpl&t 
ilst-. fhfss ira?iat4#ms gim to m BmuX-Bi&m ©ejftala 
t-bst ttt turn tli© ©f oontml 
wlilete ' tM emlslm will givt ®^a,tag  ^ Sss m-B,M»> 
fafel® a 
fis' Mhmim BOT»r fisaosm, q? mitmnm. 
All BKiPisf mm^ mm usaiifit oil mm&m tmms- m bam josi soals 
ff©i»0La#  ^
It«aiQil 
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©l€at@ 1-l.S.. . 1 
H 
17.6 % .^l 
.t- #i3L %T iw. Ml l[ 6.1.6. 
^IX.M .. . .  
• „ 
100 ' « %*3»M 1^ 20 % 1 "W.,7- # .^2 
% 
•feiui-te 
©il 16 'W i©ms. . 1^ * 7 % .1 1.1 3 1 :  fl-i 100,0.' ff.? 9f.C 
•©il '90 SI f 1 
la.Pet.-
Seas. . . , 1^1. 1. 1 %l 1 • ?7'i S7-I fi.i-. 
1 
i«..i 
. £ :«11'22 .. m •i®&o . 1*5 1 7 i2.6 .9.6 .i 
i 
? #il 17 n .SQau- . . , . 1*6 . 1 1, 7  ^ a ?1.2 ^i..-gp7..Q 
# . 'Coatrol < "¥atei ?l  SQi  il® H.l i3#^ ©#at ml if© J 0 0 • 0 0 Q 
•Iteas 1 to % sotttaia ttalniical wlilt® oil; 
llents 5 7 <iomtsla pairaffta ©ils. 
**jk test is a fteM s®?l©8 i» wlii©li 1,.O©0 
tO' %.,0^ w#wtmte-xlnf scales wem- eomt^A^ 
Bata taelmd#s six. 
-II-
fli© p&ysteal Qt egttlsi©as 
tested ag,a4a.et Saa Jos® ®oal« witk tbei? seBpectivt centi-ejs 
a^e tliowii la fable $* OtJPtaln jf®l&-li@iieliips axt laekiag Mt 
those MQBt IMlnmMiml ia c©atx©l ©f ®c?.al® ate Iseluded. 
Solm^l® oil® Wm*lf 2, 17, Iteais 1, 2 an^ 3, at# typleal ©f 
sQlmble oils to Illliiolg foar ^araant sprafimg <sf 
fxttit tytes. 
S^li^le Qil 10.2 witli am oil of %| se«roMB of 
Tieoositf is lafejrloi' to wlttfel© ©il I©.1 eontalaing a J3Q 
geeomd ©tl» flit ©11 d.r#flet tia-® is net .gfeatly differeat 
ia tbes© isw© »mlsl©as« Solafele ©11 1©.17 feas a lower iratie 
of muXe-ii%m t.© lb© ©II tliam tte Qthm sAuhM ©ils a,ad it 
a quiGk&$ hmMtlng mnlMim* fhle ©11 i® eoagisttBtlf 
8upei'i0:r t© ©they8 %n its oeatxsl of s#al®# 
. Bulled, fielfe ©11 soap ©aailsioa® wmm m tffieitmi 
agalast Sam I"®®© seal# m wm ttlaMe Oil I©*17# Botli ©f 
tlie Collet mnlBlme^ ItmB % atii §, bate latget ©11 ^©pl®ts 
and somew&at qulol®? tesmklag <j»aliti«i than soliibl# ail I©* 
17, Figure g-A| Figii3f« 5-®* ismliioiis pmpajpeA m tM 
^^Qorermamt F®siimla*'*CQataia eae^telf rns mj$U soap e«ml.®lfi®r 
aad C0ii@i4#iratolf watef %hm &.om tl© "lllliadlg forjwila* 
• 00¥eriaii0nt foi'mla? P©ta«li^fi8&*-oil s®-sp-l pomi 
fttarts 
ltai»i#atiiig oil-*! gall®j| 
** Illinois foifBttlal p0%atlfc*fttli»oil sfaSswl-wS f®^4s 
»¥» m-im *•0* •*n-—*iiiwi to.Ii<i>'»iiltf 1 
htght .gtait lutotleating ©il-1 gall@a 
fliis ooatitlea iapartt to tb# a sllglitlf 
larger oil tesflet sige mS. fuleke? teeaklaf gmalitiee. 
fMte ate ©tiffaia -gtettoae in Illimols osoliaM 
aseas wh&te tli© mtmrn^lf laM wat#!- will tftis 
fo»mla fwm ©atilsifflBg pt©p.«flf. ¥m this jeasom tl® 
"lllla^is Fo»tjla.« it a»d ms@d, 'ftiie #M«.lsi®m 
osatains stiffioieat «oap t© permit esulsiftoiitieii in liost 
Illiaols waters» ©f tb@se eattlsiem® eemtaia afeomt ©a©-
tb,lt€ ©f tlielr ¥al\»6 im watt? and mi thmmiem 
irec©M@Med f0:r use at a i0oa<?eattati0a j ptfomt wblefe 
places the® m a1»©mt a #«pa3ratel® oil Ijssis wit^ a soluble 
oil at 2 pezetaf Q#a0«iit:ratloii. Wiem oollei s#ap ©aalstoas 
a^e tested sad co^aj?®4 with «iselM® .©lis m tk«ir oil 
basis -they as @ff©gttve l» tlieiif kill of scale a® th@ 
solyifel# oils* fliig Is Im wttls tbe f lii4i,agfi- of 
AQk9mm nm%& Cl92^)., @t &1 C1926)* lagllsii 
Swlfifl© mA Saspp Clfjll.* 
itoefe eamlsldas !©.«« 5 6 and T, ar« 
tMlsloas mmM&lmtmg imeirt; #ffi3.1slfl©-rs. In iboth, tli® rati© 
of ©»il0lfl#T t© tte all Is Im %« imparl ^iek 
Meaklmg py@p®stleg as sliowB l3f tlieir segpeetiv# oil d»©fl#t 
@i»e, til® ©Qatar©! ©f Ssa <J©8e s«al© #xfe4Mted by tlies© 
e i M l s i o a s  i s  o o s i s a m t o l t  w l t l i  t l i e  q u i c k ' s # l t t ¥ l ®  © t l s  
aad boiled fisli oil soap 
-?7* 
fa.et-0S'® tl&a tuseetlgtaial hme 
eat#:r®«S iat# tk® pmfelie ae®©pta»e@ ©f tb© Bm&ml mmmmiaX 
eamieioas. Mmf of thorn wlio liav® oaa# m4. msei tli® boiled 
fiah sil ®©ag samisttas- will t# d© so, but tltere is 
m lueieaslag tow«t tb.e ^o«a«reialiy fftpaifsd ^ulclt 
tofsaki^ a©Mtol® olle. fiit® fess ooee sfe©mt f?©a t&e 
I'elJStJlTel.f iaw o.Qst ©ili, -life® tatf witli wlileli 
tkef esa fee st#Jr©d mA €tlut-t4, ast tl© m.ttmm p&nfQ'tmm& 
given- Ijf smci-b ®ils as a^iwlil-e- ell It.lf ia tli« QmtwQl of 
S« Jog® goal®.. 
% 
0 
o iHI Jim 
*TT 
m 
•i^ # 4^' ' 
m »i i(i« 
«(N»^ o s ® si "" 
«-. ¥ #«» 
d 
CB 
i>» pH •: 
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IpMts, • "aetagiae - ftog. j • -Aaliis 
m 0, Aahift smiriaeeela Patefa 
laglisli (IfSg'l f©ttM tlaat '^m esttlsioa .tm otdex t© 
Btimtim against afl^id® mst Mav© »&igli witting'^  at^llity 
©omple-d witli of t&es© im%m$ maf Tajrf 
so as to 1^-® do»iii0At. A 'pool? wettiag* uastnlJl.® 
e®ilsi@a »? so^e eff®otit# m apbtis tbsa ® ''f00€ *#t^iiig* 
staMe &miXMlm. If tite Bt&biXitj of two ©smlsioas it about 
t%e ssfflt, • tMa tli@ oa® witli tJie gteat®» wa-l.ting afeility ts 
•lh®'®©3P# eff#otive m spklis." 
Qriffia, et ai llfSf) f©m€ tliat ©oa^iliom® 
of ©0«pafstole oomoeatjeatioai asad tfpe.of oilj »itoitol© oils 
mm ptofeafelf Itss toxlo to iostots fhaa tli© or^iaati" mm 
©mulsioiiSi leoamie %%&f ooatain tmllti' oil droplets aafi the 
oil aiM#y#s to,the plaaf sat Ca'O domtet %© 
i»seet) les'g ©ffsotivtly.* 
0&"la gitm im Tal»i# 10 imolmd® tiie faoto^s of 
wfttimg, tmiofe^ lajreafcliig aM dir^let tig«. me aisoibl® oils 
ia IttM I, i I oostsi» th& aaae oil. a»d tMlgifiei? m im 
Itea Mt axe Qoifeiaed witli tbeii' ea«.lsif t®3r ia ooBoentratioii# 
that giv§-: tiMm 0n1iimly pfeysieal proftxties. Soluble 
oil 10.Ig, Fi0im 6-a  %» iteafilf #*ilsified aad tb® oil 
iroplots m-0 so taall tliat tbey are fesfftlf flsi^le l^iglt 
aagaifieatl^m. , fM& fcas as lig^fe wetting ^TQpmtim 
a® doei tb© mulmiiim lm M^m ffee ©aalsisa Is 
itabl# aai.fif®® a msrt&lity of' apbits ©oapaya^i© wltli the • 
©ioilfiifier-. in s^iufele .©ii. i©»f#,, rigmw 
liae hmn sr®ttt©«4 -fe© gim a ¥ttafclag ®i«ls|oii «id a 
meftalttf ,©f apteids*. -Ill toltifei# @13. Figure 5*B 
the ©m«i8lfi« lias •fe##s w&M.m4. mm that Qf mlnhl® ©Ii I©. 
fO wit^ a still gt®at.«r-eff teleasf agsimtt apbids. ffels ©Ii 
®xwplifi$® sMttt til® kiXltng fewes ^fetalnabl© with 
a aiscifele otI %M.t Is tmffisieatlf stabl® to "b# 
O0pa®re4alif» la mil of tk« tests tfe« tostel-fef to apteidi is 
gsen^tet al tl@ ImBX ®f tb« eaalsiQae ©r tiie 
swmX0t;fi«.3r* ' fliis eo-aditlem iljustrs'ltt the pxiaeipl® ttial: 
ee®@si s, tbe'spmy &ad 
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fmWe 11 inoludes tft# resmlts @fetatiie4 with fi?« 
Qesttei-eial, tmiilsioms tlia^ iis'^e a wid# tamg© ©f pfeysieal 
pj'optrti©®. flie tllllag pmm #f tfetg® ©awliieas at 
«?OB0®»t:ra'liOtt.8 of l/2, 1 and 2 i# in lim® witli TaM® 
10» wbtxe tlie aertmlitf was liiglaeit at a oae-half peso#at 
eoae-eats-atioii, lowest 1 pesroeat, iii©r#§,«i!ig agaltt at 2 
ptre#n|. This ^ ttmt 'is toy tiie volaa® «d 
0me&nimtim ©f spi'ay sattrial aikeximg t@ tlie Mdie^© of 'tm' 
iaseetst Tlie piiysiQal ft©f®i*t4es ©f w#ttiaf and statoilitir of 
©aeli ©»ilel®a dttexaise a larg® thas# factors. fh:« 
effaet ©f tb# wett,lag py#p©£tt«s ®f e«ils$©as &m their 
effioiesey #aa. fee W ©©spaxiag St©©& Oils l©s. 5 
aad Steel: Oil 1#.$, It#» If Gontmim mm im^h 
muXsifi&w ami has quick te#skl»g fy#p®rti®s. St is !##§ 
effeetive tMan Stoek Oil !#.%, Fl^ir® i-i, whicM cmtaimB a 
soap eawisifitsr aad has lai^tar wfItimg aafl. fti4ek@t fereski»f 
pr©p@?ti@s. 
til S#.17, Figmsp# t»B os«bia#s tMe prept^etf 
of hightr wittiag tiiaii %h@ f^me^ tmlsieas wltb itl«@gt m 
gQod hx@aMimg fliis BmnlBi&u giwBM th& m&Mimm 
kill of tlie aomes^Qial mulsimB* **IllliiQls fommls#'* &f 
bQiled fiBh ®il s©&p emletom e@Bta.ias as moem of soap 
me&SBa^ fot ^mXaifimiSm la wattue. TMs ezoma- @©a.|> 
gives to this emlBim wsf high wattiag wkieb it# 
advamt-aget qt larger dreplet s4»® amd cuilekti* tetaklag 
pw&p^r%im» Sulmfel® «s41 flgmr# i-»8 Is "bo^fii liJlgfe 
w®tti^ m& almw "ferealiagt » ©f fr@p«ytt#e wfa|©k 
wottld mMm give s #f aphlds m% 
o g 
•1(4 4* "rt; 
® si 
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:4» 4* s3-
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m i* e is 
i 
©f an ©ix 00i»$a4»iag stteb itea tout mt 
emffieleatly so as to waxmrnt fbe adiet eost ©f tlie ©xtifa«t®. 
mtpam (fmm oa@ to fiTO p&txQlBxm 
aifrsg&son# feaetS'# ©bimetwiJim slkaleifl salts, ©r pirn oil dit 
a©t lmer@a©e the of th®. ©ti ©aslsloas to apltito. 
SleQtlme stt#!. t® eitliet the st@©t e«lti©n or the 
illutefi sffsf was tJi'© mlf tmltf sp^eay for afliid®. 
t#®1s ttneasttate the f#xle natm^® ©f nieotlae to 
apliid®. 
table 12 
hmomtmi fisfs on msim wifii sb« mMmims, imm mmmBTmrm 
fii- iieisiiff m mqmmmq fii isfTiM powii OR tsi iiietifeMfiQi 
m wzmfiMM iif0 OT Mii,aiofs wm aostaoi, at Amm§ 
ij^ooo sphia# «ge€ la ©a«ii %©«-!.) 
•Sfaraf Basej 
!4a.ilti#iia3. lali#artsl 







skSgi' i» ' . 
Elll 
I later . •w&m 'Mem. . . # t# « 
M ,fcM* ... •©•te- -1-.. ^ % : 1? 
•1 
If©©!:' 206 
at.M..,.. .5 - ^• 15. ts 
'f t . 
..3. .. j * Wmm . , ,..11 - t© 1&0 . . 
£ » 
#i,;t t# Q»M 
aic&tlae 2. : i,. - 9S..-. . ,,.' 
J M 
1 po^Md :piir@%lm3b 
Ion® 1 • ..i : ; #1 -
•n # 
1 ptaai, 
'•^®T «11031 0.S5 . 1 ': % t6 -
J * 
1 'f:#iiDad ' 
W3^ Kall®a , , ^ 1 , .  t . .  fi|. -
10 H 
1 to 5 fera«»t mlphmi 
:fett.ol©aa 
^feaae-g; Ofelaehoaa alfca-
Istt talts-; iilae oil lOB# T ,1? m .t© gg • 
sfetll soalfI h-um* 
fH# ttsts of .^©ifsaat- aii ©aiilsioiis ©gaiast tlia egg's 
©f tm seal# wtre t.tt tli# xa^®ir.i.to$'y 
1&^ a atasiaj't fw-if® tefiag ©t®f**im$esiiig soale 
wmm ^aae4j «ft fsa<i«4 ia m©i^t s«d i# 
grow aatil ts# fdtag e^al# feat^ma. fit fmng 0©a3.© *«t® 
f@ai©fed a^4.0tmat€€ as fast at tii©f 
wmm ifit% t-temtf-f it® 
differtrnt ®tl wMoh wme tsstei at % $, 
aaS 10 pereta't W0mli8 aat® sh^wa Sji 
, fablt 13-. flisge exits'ImeBle tsailiftgtfa'le that ©alf 
1. high cj©ii#tat^ati@a |iO @f ©11 tmalsita is 
ef lest It® a^siast the eggs #f tMs #«sle. lti» »t 
@0-aii«attstleB g©©4 wifit 8#-em*#a If Is 
obt&lJifi.. 
fi#14 l«w#* dilat|©a0 
kitif© giv«a g©®€ .tesalts iae t© t&# #f "111© 
©II l#f% m th& toaiffe f©ll®w4i^ m.- ©11 spiny, 
f&e fftsea®# oil m th^- twigs mmf @f "111® f@wtg 
ffilfi-attaf s©sl## 
TM# fettt :lre'»ttl%s la Qmtmt ©f tbis iasaet w«ir® 
Wy tb.® afpllea^l,®ft ®f aa all sgt-af a.! tM tia® 
y©img 8©al#e wet# M t%is t^assB tb© fotiag teal® 
ajr# to ®ti and ©stily killed hf oil sprayt, 
f&9 result® of fieM trials at® la fablt 1^. J^mg 
ofstear sbell sesl® at a m&sm Qf tte f^aar (laf*-JFma®» 
July), wMfa tfc#4r boe-l plsiil is ia fmll foliage# 
pxaeticalli- mf &tX appli#.4 at |w© pttesm'l «#ia#«at3ea%lQ»ft will 
give eomtsel ©f tuis sial#,, tn« ©11 i®3.t-ot#d foy apil.i©att«ii 
iliottM fet iafe t© applf ©a feliags. flw white- oil esttlgteas 
ssgrlc@tt€ as em«a®r ©tl© hmm prwem tfa® ii#st •gatitfaeiotf. 
f^i© 13 
tmm sa^fiiG mt 4 tii aoioiitatf lai 
OF m mh SMI.S101 |s. si4»iM TO BisfKof m^b. m mmm &m^:h bqmm (Mhmmtmj tmst) 
mm 1 l^iistoasi at 
ffffst-M .Icsae-ealim't 
#• iSiiieiiey si fmrndt 
it 1 Oe»e#mt'i'a'fei« 
liiSam 
i .. ] 
• f • •  i j :M\ ., §• A .1 
% Ge^'sslal .©-ils .:1,. € % ,:g- '' mM 
...t. • 
Mfii'tttatai•• •' r 
. ttls . . , 1 , f f ' tl M - . .  .  
mSi& fisb &il 1 
»»» 1 i • ^ & 1 -1 
• ^ 3^,. «!»-
h... 
#l3.s F ^ 
iIklte ©11,. st@©ls1 ,. 1 ., % .. iMf iHW- •m ; . m A  . 
3. 'la-fees C , .1., 1 : i ' ..6 ©.0 
•a tm% Is 10 twigs wi%%. 10 
^©ysteie smell s«sal« ©aefe* 
ttia 100 -»oal®6 per test eaeli 0©ii<;alaM 
imm %0 t© ©$gs«-
»1# 1% 
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'[.mm . . •ft® : ,,i . . 1 
I, 
3§0 mm. 
'•Sm& f#S g 1.% ff.f • 
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f3f#a Ills sfyays oa &M Qmrniah ©iat, 
sfflied mlf 15 &t feai-o^, mi&hlgm* 
rputl fm^e mss e©ll®2?j m^mm ag^r^iiaila walk. • 
fbe' mmtWQl @f fjemtt lieaf loll©'^ "by tlie 
©f leaA afseast# a^tays lisi ii@t gltea iaiifoi»ly 
gatisfairlorf msulim t© 'ftifaji sa^tlam 
tlfai), flU% mA Bigget Ut2€| mi. laswa Clf2g). ffe® 
f«©diBg ®f flit •iarfsf ess tee 0i.«@k®€ with Itai a^estmt® 
gp3rsj$| but special sptsfg me nmrn^mj ttetag litgli dosages 
of leai «s#3mt®. All Ifeat tto legloal mttm^ 
©f ©©iit»l is agaiatt tl&t flgf sta^e ©f tli® intent, 
Qil mmXsima ^faaV't glvem %m «@st 
eoatrol @f leaf mXlm- igge la tiis mA la 
field. mtimtlmm. toy# wm t© ©3s4»t h^wmm tm 
wsxlmm Ml mnXsims t«sts<t* fltld coa^lti-oae it is 
s®14©ffi tfaat sp^aye ®a,a b@ apflitil' em-dtigfe to ttxto 
every ©fg mis m the f#ir -lliis r®asoa flelt ttiaid ©f 
tb® ®a»« oils aai ©omoam-l^mti.omi Itavt a^t glfem aa Mgb a 
ffiOJPtality ae tof# tests, fhlB is ia swooosd with 
the ftrndiagi ©f fmmf ttaultg w«3?e 
©btalBsci la -fielt teiti C»Qt imelai@€ 4e tkls papei?! rtSTt 
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2 .atti 3. 
miuhu ®il i%#ia figw® f-s t&# 
SM# .tartsif4#* jfatis as mlnht^ qi% ttem 3.^., Mt 
©©ataias a 215 fla^sitf oil* flie liiflie^- ¥lss@«lty 
oii pmimme m. tiMit i©®s a®t Alsfe»@e as t#a€i3.f 
as #oeg $ii I©.If* AS a s-ttiilt the ailwtefi ©II I©. 
$J§Q tead® t® fttpsfeat-i «iit af tlie *a,t.er plmse, gifti^ t© %&# 
®®ul©l©m a "b^akisg property, fli® tsa® 
is ©xMMte^ hf ®©,«s#r0i&l Soli&le ©41 I©#T %© m e-rea 
^eatet ©^t«at. of tlfee#©, silt hm emffieitmt 
t© ettspletelf disp®i»© pattielee-wlida 
€ilttt®d with latA watef. 
fealsisas lajslttAei la |t#i» 6 %« 11 vaxr ia 
©estaia tagt#tl«atg few oil l%m It,. fM 
©resfli© ael€ ia .8#lii^le ®.tl ,te«|ll§ aaS esrita te 
solmblfi ©tl Is.Si iM a@t lBe*#ast th# Matetimilf. 
flie sMitioti ©f #14# p%mm% im% aie©-lia#^, aicotlft® smlpfeat® 
l-<^gOO^ m fesw €14 imm&m ti»e kill mm that 
fjcfel'bi-lst ly selttfel# Qtl It.lf* la &H #f e^spttiatai® 
•CM® fettafelBf g#ltt>3.s #tl8 test.ed at i 
eoaeemt^a.tioa gav# m eatitfafterf e®ttt.3r@l ®f leaf roller 
@fge. fMs i® si^if leant •1>«cau.s# ©f tte wlto m-B ®f selmMe 
oils e©*«t<iiall|' tm -Ihs esati?#! #i* this ia8#@t# 
4® mlQMm f©r leaf relief eggs, e«lsl©as with 
ImgB ®il tmeii as ia ®©l-^ais©ii tatxlslsas ay# 
©ffiaieat 'tfeaa eoaattftalif fttpattd ©mixsims w&em 
eoapaxtd st tqaai -e®ae®at3?a-|l©iia. 0«i*talr talek mea^lag 
SGlatol® ©-13,8 will give a e©*«t^lsl e^alroX of l«af 
ii tu&f »•# ©a3r«fmllf appii«d at a e©ii©tat3esti#ii ©f g 
03? g3reat«. tfee irtge^sltf ©f ©lis fettwtea SJ aaS |pO «t©@a€s 
4s a©t qt ma.im #x@ept as it aff@eta tii@ teeaking 
'Qt thf tattXilQia. 4 stlmtoi® ©-il ^Qatsittiag m ©11, 
©f ^17 sseeM® ®f vt@#©sltf mm »@t agalast tiie-
eggg ©f the ffult tx«e l«sf' 
iis 
m k w ©m 
m 'it i^' <ffif 4^ {3 
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i 3 ihl • 
l< 
m j.0i 
f tmb,  mm liisa. 
fM m^mmt^^ iaptslaa## M fleas as & ptst #f ttisfal 
mmmitim le a^-i generally ^te®gala«d qt appfeelatst. the 
authisr aai® a smwef of ememl la mntissl |Uta@|s 
smd a l«g® ef fstaigttais Isftated with tl^m, 
Esptfts ft®j» fats &€iris#?8 i^Qeatei. Im eoMMties 
iMi0ste4 tMt stoite ©©mditioas wmm m&s a • large 
til® stati-. 
f®#t« ©a*?ii4 ®R mm a pmM #f -llr©# f@ats 
tbat s#lmb.l# m1^i©•.i|• at tkm p@te$at o0aoea$»ti©ii 
will gift s mtl&tmtmf emtml #f fmmi&m |tat#t4o3f® 
of fea^as, ©t0,»| mst fe® tMtomgfely (Jl.faasd ©f 
littey, amtt ©tfeei' st^a is %l©a sprayed, witfe 
a. fiir® ptirses'b ®il #wJsi®» tto fl©»s tMyoagfelf ioafeed, 
Fjpo» t© gallas® ©f A13Lttt« spjray 
aoTtre the f»a«tead. afpligatism is mffletmt 
tot light iafestatlsas 'bmt t»# ex tlit«© ti*@at»e,mts at iat^x'rals 
©f twe wssks ar® 1» hmtitj ittfestet s»@ms« • 
mmmf qum wot .ot0igiiis 
Haieie &me ©©iiditims it It pm0tieal t© use »p*ays 
tfaat mntw.%n m mmlBtm ant a- flie aoef ©•©»« 
fm^-Jtei4e.s e^Btaia mmppmw m salptet. D#i?mat •pm&h 
ast^ ap^le ttat® will. witmtmA felgli em@emtyatl©as 
©f iitbei? 011 ewl«i©a 1*1 
is th0tet0m |i»@#stbl.€ to Bpwmj iomaat tmm wl-lh ©il 
wmaXsims miMM wstii s@®s f\i.»gi©iA#s. @p:rafs at® -werf 
ia tk@ e#atrcil of teal# asd p©a.a& lesf @s p^mh-, 
m4. &ml& m$, 'appit. g#ais ©a apfl#. fit® pfepesti^s of mnmh 
spmfs will ieptiit ttptn, tit aidtt. 
fhB mm M i» tilt imm tf lias h%m 
wiMlj  'listtt «€ Mas pmrm mmm&staX i,a ims% 
MmaX&imB Qmt&i&img so-sf #« 1# a4d@t t© if tM 
mmm^w&ti^m ©f tie utsetessfeiatA ecsff#!? ©* is ast 
mgi •!« »«*#»«# wm 
test i«sf ®auXftms la tSi® pireetm©* ot 
laea?'t f@»s &i 'Siiifto* a tfp® of trnj iimtf 
4iirit®d tmifhwa? #l3tai»fd ia tb# aaaafaetwet gm 
fmm a pmems kuQwm ai ilQiiit o«teiii®g 
witli am l»jpt e^aisifi^st ©41, -fttcli as #11 tl©, t0 mk® m ©ti-
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tested- a lalBelble oil at ttm pejeefiit caae^intration,. a 
proprietary ©aiiil.si©m tm us# witft lla« 
aad Stoe^ 210. 411 were sfpli@i. ia tli® (tomaat, tip 
and delayed doraaat etag©f of tsr®® itwlopseat. fM sgmfm 
applied mliils the twmn w#t-e &mmm% Sid m% show t:^m 
any <3f tie jsatexialg. litli fim trees ta the tip tb© 
eamliioa alea® tid aet tent liae imlplms eitbet al&ae 
m mix®i wltb oil #,f»ilsl0a ga^rt mtf aoti@®able imjwjrf. la 
tli-e delayed Ammmit, whm tfe.t Ismm w&m ^©ginning t# 
mafolij all Qf the sfrafs -Mm® fM least 
laju^y ©estttred ea tlj# ail eauliimii gpra.f@4 tareesj tb©®# 
feeeiviag line smlpter. w«® %a41f tsuiraed, and tlios® rttelvlug 
the latxtmre ©f oil aai li» svlp-tex w®r« «©• teireytlf 
ftiat til® leaves dii aet Mmtm fbe ©il mmX'Stm 
sprayed ia the @lutt©y fern# stag# ir«stilt#d ia w^Tf m©t4©#sbl@ 
injm'f to t&e waf^Miag leaires sad fl©w« el«ste?s. IMtt©ii 
{1932) fista tlmt, "tlieM %& ttis'l tUt pTmnmrn -of 
#il wltli lia®«sulpliM:g mMmu liae-snilpbmi inj-myy &&m emmm 
m earnse® it® toftlopaeat wnea without ©il wait 
met pre-toe# iajin'y." A-lthoiigli sc5»etla#s ireooweiidtdj, th® 
gprayiag of frait tmm wltli ©il e«lsi®a lla® g«lpl»» is 
aot a safe piraetiee-
•Tlie tif g^&eu sttge ef l&wd d®f#l0paeat is wiie» the bu,i. 
seales ha.m pa3?te# ittffieieatly t# tli#w mm tissm© 
that h&B ^t#m i©¥el®piiig witMa tli® ©x^sating femt» fliis «tag# 


























































Days 0 1 2 3 4 5 6 y7 8 9 10 II 12 13 1415 ^  
^DormantiTip green' Del.dormant Cluster Bud 
figus© 3 
lX3.mst3ra"lt»g-til© ia daji 
toetwe#a teyelopntet 0f appi® am€ ssf«tf 
w^-em ti5»fe4 witfe oil tawistaa* lla® 
smipteXi m a aixtms-e &i %&%h* fhB fistt 
sptaf vae appli&d in the foXl^w-iag feried# of 
t3?t« mml^prnrn^i tif ^%m, telafm 
<i©»sat, Qittgtex C©aif 2 -©il.). 
WUfll BQMAIf mfilQAnOMB OF Oil. SPMfS 
a aisifesr of years tliir© hm '^mn a t© 
delay tb# itppli^atiea ©f oH spxafs fey tba ©oat3!@.i of Saa 
Jose ®0ale as latt as pQesi^le In %M season in order to kill 
smell apliiti as wete ftsy ftw easts of bx9 
speportM fieoa stabl© ©il sp^ay® appliti. wfeea tbg %Tmm asee 
strietlf dormant, felt ClflJ) rep«%©t legs iajutsy whm oil® 
were ai^liei Just pf^wlli stsstet la tli© sp,:pliit thm 
to fall ap|Jli©atl0iis. i«0^ i%32$) ©tegtsvtd tlist tlie felooaii^ 
date was iiifltt«m<e©€ bj ©f apflieatioa, ^«0O3rdii^ 
tMat tbe essly wlat®^ applte-alltas pmMmA & stlsulatlag 
gffeet, whilB tlie spfltsaticm© sftf® fettd deirtlopseat liad 
stasttd bafi a .x-etafting I®llf iX$3Q&) t&at 
iOlbg«2?*©t iTm th® @«ly fall a^ltoatioa® was t© 
wintei Isjiiry tlat fcill©ire€ tli« Ij-reakiag of tke rest period 
ijj m appllisati^ ©f ©tl. 
In I114s©is e©ia&£elal pssetlee^ %lif iofaaat tppaf 
9f apple aad p«a#li witli &ils for sesle itas hmm fell®*®# 
ten e©»a«eatiire yeajps witbwt .aeaittxabl© tffeets ©a thie m&p 
produGtl©m. Ii]p@S!>i»©atallf, mmtm »aml &mmm% applleatidss 
@f a pgi-eemt aisetbl# ©11 to*# not pr©4yiied »®ti©@mtol# 
cbaag^fi la txe# dev#l®piB©at. 1 farall#! test-, wMe:e@ aa 
pei-eeat o%% wm applied, gaf® a diitinst yetaxdatlea #f imd 
de¥®l0pffl©ii'l f®t afeomt wmm days, fbls retasAatiom, alttoagli 
¥@ry app«®a"l at the' tin®.,, ms ompMtelj ocweted fey nms&t 
tm'm ^mmth ia afej^at ws«&g &i%m toti4 (i®"rel#i3«®af stajrted# 
la a m^im of t#st@ %&al hm fet®s €!-6a#ii0i.(ii fo« 
yta^s, quite ©laila^r :rf®ults tosv# ¥e@m ®1)taiB©d. la %M- ttst 
ar« inelttdeS m .aJ»s-©lbl® #43. t p-si?##®*, a-p^liei 
ia ttee fall, wist« sat spsiag i&e i.elairei. 
As-rmaaatj ^@41®^ fisM ©11 smp em^aim at 3 p®mm^ astd tit# 
a4s©4bl« ©41 at i ©©Bsemtsati#!!, applied 4a ti© 
mttrng fiisraiajit. M ©a« fmt tlie ilBh ©41 soap e»ils4oft> aai 
t&t ttot## fem's tli6 i alsel^lt @41.,. tefe wh&m a 
retatdiag ®£f#e$ m leaf d«v«l^aem$# la all ®as»® ttee 
retasiatl^a wm m Itmge^ ^ttoeafele 84^ w^tki sS%m %M M4e 
©tatted t0 ©pem. fMiee li&vt m 4a3iwri0m® @Jf»©tg m. mf 
of tlia %wm& *ee®i*iag tM g @41 sp»y In %M 
regsurdltss ©f th@ mmm a* wlileh th«y were ipa?ay«4. 
As slism 4a flgiis© 5-> If tli© oll'spmy 4s iel^yet 
4si appl4oat4©a mt41 tfc® beg4» t© «tf©M m la%»t, 
4mjtt^y 4ii tbe t^m ©f tomtalmg ©f thm nm Itw^s mm 
Im mmf smttiitm, sp^ay seliedtties OT applef ©all 
fQS a sf3pay ef 14» sttlpto ?#*y #»ly 4a tli® s«a«®» f©r th0 
©oatr®! ©f apple seafe. fli4» spxay 4s ©ftta afpl4©d 4a tli« 
elustef fettd stag# @f d.©v«l#p*#at. Flgut© | sli©*s %&© 
©f ©11 0»ttlsl©a and lis© ttiifbmr m foiiag©. S#3cious buxiili^ 
will uamlXf- TO-smlt* fli« s.aB® eaa be appsoaeliet 
whme til© ©il spmy 4s d©taj®4 and g#©ii after by as 
sp-plioa-lida ©f gisiwey styeagtli Xime walpkm» figiyp© % 
BwmBXl%m tfe® «3Ep«ytreats %m tetesiiiiie tbe intetval of %4st 
tliat fhouia ©laps# t%& ©11 spx&f aM a @ww ®f lim® 
Bul-phwe* It appea^t t# saf# 1® apfif It* 
gialftof' two ws#t.0 aftet aa afpiicatitm ©f #i.l, 
felfeears., et ai |lf30) fowM tk^t two t© wetfee 
should elsfts h9im9 m oil sgmj ©u ©ittus was f©ll®w(i<t hf 
a sfyaf ©je dm-gt tm th© emtfoi @f Oitxme ntis-l ait#. 
@r#i1iQ|.s®f sat (If30^ f^msd mder fa#lilagtom 
tlist oil MPX-&J9 PXMIMB t© Jmlf 1 eamgiKi lajmsy 
t© firuit aad foliag® f©ii#*iag a islayti doirs^at afpl.l.0at4tm 
0f 
mhB fiffi ?u»iei»i 
fM n.m€. ©f ®a ©il eamisiea wltfe f«3aglelAal 
pr©pextlt® !ias te®em if©©6^i«ea. mmf atttspt® imvt %«em ma# 
to- 0oribim®.,j,smli»ter, their de*ivatlf#B with 
stMi©? iKttd i#t«s-fe #11 materials tliat 1^*® 
txfelbiiitt fiamgi®4ta..| p^opefti®® hm6 %®ea feut m®«t ©f 
tltea Mm- "fe®®® €li@«i#a a# msgaftsfmistQjef. mlw^^ 
is wi&elf m&4 as a f'«agi0ii@,., It wtlt psmum iaju^f mmn ia 
g»all mhem ttset with o4i mmw&Ang t© teOsg 
s^g#«%s flat i& 
ooapatiM# wltli, flewet® of Mid saf# m a^pl# 
if %M %m aspe »l*#4 witit wnMm Irntm® th&f aft ©©alslsui!#. 
faifeeart aat {%$%} .i%s.tt •tittMioatlag ©il 
©amlsiems hav# b®em ii@#4 tiraisgtiemt tlie tw«©:p im apflftftg 
tlie ye-gttlar siwsst ssatolaatiea appliaati^asj msteg #41 at 
qm -gmmut m& two p«eeat wlti tbe etaaiam 
m&. frngieidal @pmff liae-sul^iair aat Mm-iMmm *itli leM 
are@jiate." 
this tiMimg i« Bot Is aec#iri wltU tlie general-
lEa©wl®(lg# ©f tmlpto ®Bd oil ©©abtrntloa®. ©41 
OQiitataiiit fsm# of weMtimlf #aft m 
foliag© 1am% th@ spmf lias Im iBs®#tt©14sl bm. it 
-mi­
ls ft03r® Meams® Qf Its mmmtm mtim m 
aetal. til ©wilsioas aaf fee sM#t t# irell*®ade M^mmm 
witliout ©f imjtjtff tet tli@ b0e4®a»i tk® 
efftej#acf @f tli@ ©il e:ffiiilsl@a mmMing tQ fmt&t m€. 
ili wmlfima e#iitaiaiag i-mimtivm of fu3efmi?aJl 
0lia® p^ieeats® but aot satleiatteyy as 
immmtlqmm ftmgic4d®s* 
f© #iif te©wl#jftg.t a# aatetial 
smffieleiitif 1# fuaagi tfeat %m. "fee atted t© m #il 
@aalai@a wttmmt inmetimtng ®.%thmt tk® iaseetteli&l 
tffitleaef ©f %lm ©11 m wtth tM ©f th® 
t© fmgi. fk« ttftiitied «ffiei®»ef ©f mulslmn 
with was Ae*»gtfmt«i ia with e®iliag 
a©tli latva®,. falsi® Flpae-® 2. I» iMm 
faagi©4t®s &M04. -fe© tli® pfsethtm* mpmy« .tended tlisit svejfag® 
f^<ia ii %© €!• mwd tM@ wbite ©lis wltlemt 
the pyt®t.toi® ft®® 3^ t® 33 fwficldts that m-m& 
paxtially solt^le la flte ©il phase «jf tfe@ m^sim Iia4 less 
m etftGttmf tlia» thm fl©0«l®at aste^iali smeli as 



























Days I6 12 4 2 
h-
hf tafs tiit mMttve saftty 
t# foitsft .1, m «i#isr«€ 
t©3r®aat oil spfsf s#al® as<i fiJrst lis# 
gmlfi.tea' sp^ay f©» uppl,® s©a. 
fm DisfiSBUfioif m i aiif mmm m &fmt lAfiiiii. 
flit t otai foXua® of mj Bpmy mtmi&l mqulm4 t® 
©ove^p a ©©I'tslm 'hMck ®f fxul'l tipee® Ims ii®l %@eu a set tied 
Qttes'tloa la tlie ®lmS» of »,ay fli@f hiav© 
'hmm led to ^©Itew tfe.at tlisre are wide diffexenee® %n t&® 
spr@ai.iag and cwsrlag p^oftrtidg ©f eaiptaim ®pmy aat^fiali. 
Sal©«em ot ia.eeetieii.e0 Qi%m elal* that this ©x tlist 
aate-yial wtil gite a g^eates gpf©aii tMt wemld ?edaee tti.© 
aotuaA oost of a Bpmf to mvm m «yeh,a,tA. 
fMre af@ mTt&in imtma toolvei ta %h@ gf&dtA©# 
0t npT&fimg tba-l imilumm tfee a*o*mt ©f aat«lal. I'eqmiytt to 
mwmT a ©eftata m«als€s ©f trte». i«ii« 0f tiiese fsotoi's ar^i 
tbe typ® 0t fqmlpaeii.'t, mmbns and sig® f:»€0su3rt, 
•vlsifelll'lf,, wiad "fe.ji)#- ©f we^kaen dcsl»g tlie w.®r1fe, 
sais til® ease wttli whiwh %li« *03rfe»tt attest t© wet the ts-ees 
tliosoijiglil.f. I.f w6i'l»8B um gi¥®a a stsaiafd ®t1? of. 
«qulp»eiit aad have umifet® wtatlier #oaditi.dii®, aaomBt of 
matei'lai that tlity ir.iil us^e will wbmj bm*fe sliglitly t®gar<ll«ss 
of til® plifsioal properties ©f tli® epmj aaterisl appli©€. 
fliie faef Is in mrnxd^mm wltli tfce f ladings #f Swiagl© aa€ 
iaapp ilfjil* It it omt ale© to -IM® ieo#3r4® of 
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f a^i® 16 
fas m^wmu by woaissi m mmt a osit womm 
M mmmt BWMY mt seiai. tmmm 
Btmmm sfiAf mm 
Iteaf 
i'O'. 1 Spray feteyial i6@iieeaH •pm f«#t 
il©* loweyg^e fej' I Sf'-gSllSis ol 
tmtlaai i . .  •fiae' ,im -
1 IMq.,17.^ . E»0 -m& , j h. 
©il 
•. 2 :. ..msf.. 1 k. I .m*3 „ 
^ 
1 "Hlinoift f©i»i3 
% pisii mi 
.a" • 
Bum.. J.ufi, ' mQ... 1 k '\ i%.i ... 2^.5 
% , jtiffl#,. , f %.. ..] :i%A ti.S : ,,: 
mmmm mb 
fM BttmtB m iaseeti «ai plants tke pbfftaal 
piroperties #f pitreiem ©ii. ©umlsioas Itmit ea®li -feyft #f 
esiilslsa to t'estirietefi fitiis ©f iateetieMal msags# 
Tlis piifsieal prop-eities ©i oil, sinilaieas Qm 
be ass'&Qiat®d witii mms forms of plmt ln$mf s'aisM faHtw 
applloatleas @f ©il spj'afs* fisat distntfeaatfs aje@ 
ats©e4at«4 witb g®a-eml. v.i§m^ stage ©f soil 
m©iitmr@ aail fom yelalstdam. 
©11 ®»lsi®a# fofaed with msp &m 
gmBmllf ts feiimg© ©f tl© smtwatian 
m vimmMitf ©f tte pstfoltia oil* 
ti# aaewt #f fueaest ia'aa #aai®i®m 
p3r€t#te»iii,B«« to ®om m$mt pbf ileal @f tli«, 
eiiiils4#a »i t© a gm&tm m%m% its valut# 
fk& e»al.tiaa# wki& pmmm %li® Astg#*' oil teofieti aze tli# 
Mm% t©xi© t# ims@et6 a»4 tite 1®$® t®xl# t© flaats* 
•fi# tiem&itf ©f a oil. €0tmwm%mm ts a 
limited its gafsti* to gtowia^ plants# fli© liglittx 
olla, 10 sec^iidg of flso^sitf .less, leg# -Isxie t@ 
hut mwm m©t iasaetiei###. Oils #f 
gtest®# IQi sedeads #f viseesltf %«i4d to ©3r#at« 
-13.il-
p&ysi©l®g|6al witma %h& ^#wlng plm%m 
4 laMiratciiri' etutf @f tii© lasirioltel wtiietmm &t 
eii\iisi©a8 4ati:©«t®s mlf a limit## of iaettaslag 
the »5t.aii%r ©f OQiitiig .sot-l law$.e fey eli&ag#i in tiig 
phjBtml tf an ewtiiiea* 
The 'l#©li»ieaA wMte oil. «til.si©s® m 
®af© ©m fditagf If titff ^-emm th^ pmpm- A^g^e® of 
#atar&ti®% '^'isessitf, ©tt sx^l9% $%m wt te iaeirt 
Wljit® ©il @saigi#»® m® pfa©tieal ta tM# latt fear-o©# 
cQdliBg 0Ftaff ia ©»€« to s^olii aaestatoal fe«ii.aes da 
the fsrmlt*, fli# wtaits ©13. ^®u3,ti©S8 af« aot «tal"rai#iit 
to la Isjptleital etfl^iea®!' tet wbem 
iritis «^pljg.t# tlief as# e^afatalale t© ieat aj?«#a^te 
in. the oQati-eil, ©f t^e late te«©d ©©i-liag i»tli lai^a®# 
fli® ©f t,lie plant p©if©tts iu©& 
®.@ pfiettliwtt, '4amtb t@l>a)00# %e ta^isioat ia#t«-ag@« 
lit #f tlie #ssttis4«ae a.s mmtrnt 
0f t&e f.^aa.t t©is©s.,t# alott# w&« italjlle 
t© ®xp#smr@ i«d#t flsli t© fdlisg© was 
att hj %hB aMitism #£ pl«i% tutfasts to th# 
ffeit© #il ©aalsltms ©aa mgtd a® ©¥|«i.4es ia eMlisg 
mQth Q ®ats©l #itlier $,%m& m in the lead asseaat# 
-115-
spxafs. spray has mmmllmt OYieitol amd 
larvioital -pto-pmtlm* 
me mmt gatiafastory ©oatrol mi m§. spidet wm 
o"btaia®d %M ute ©f a teetenleal wiii.tt 6il ewtisioa at a 
ooatjemtfatlea of m& 
Wqt ttm ©f S&ii ims th# imst 
mu%si&m ©©atalsM ar^latittlj latge &il dx.©fi®tf 
associated with UigM aad feireakiag pa?i>p«rti@B« 
f&e «ffici#a©f of «®mlsloae agaiaet apfatd® 
©a lilgb wtttiikg a»4 1©* statellitf ths pysitaoe of l|.sl|,@4-
quajititi.es ©f l» tmtlsioa emtsiaiag aico-llae was 
moTe If It a gufestamee to pr©a©t® -kigfe 
wt1sti«g. 
%it®r sMell TOal# wae acl#qmatel|' o©ii%TOlle4 with a 
twcj willi® ©11 tsttlblsa affiled utoomt tba ttm& 
aQs.l®s liat©i.eA. Jt sslmfel# oil i|5pli@4 im 
tlie doriiast stage ©f fi#t0l©f»emt at liigb osaoeatratiem gat© 
a @atlafa0t©yf pf tfals lm#e®"l« 
A sisoitJl® &s s»lm"bl« oil ias@4 a1 s e©ae«atrati^ of 
f^ur ii.d«Qms'l#lf ©©Btsolltd, 2«^©p®aii lis ©eale wlita 
applied as a 4®laf@d iejrsaut sptaf* B-&m difficult it® wets 
eii00miiteare€. ia ©©ateollisig- tkis iase©"! witli suasty spuafs* 
Stability was tUB doalaant pliygleal ©f an 
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fm PHSssif fras o# tii spmfs 
flif use of/©il #sft3.sid»g fosr ©#ditaf aotb 
In lat« ^1*00^ sprafti partieMlatlf whm. m%m& with Eieotia® 
sulpliate. Is ¥#iy pt#»4sl^. 
Spysyg -0f ®41 fm tlie Ists toTOOt 
fflOtJi lajfva® liaire gi¥#a ®x©0H«.at la tlie r©due-tioa ©f 
issi arsemfe 
fto® larvtesiAaS, limits ©f «>il ©Balsioai axe faiily 
wdll fstabiisbed. 
The m% of ©U with l«si- ax«eastt© tpray® 
sfaow py'omls© Im tM ef m&ltm larvae. 
f-M@ us® ©f p«ti0l«wa ®il as m fer plaiit 
poifi©as is 
Oil ®»ilsl9a.s sr# giflsf a c-oiitt®! ©f seal# ia»»Qtg 




19^5 A Qt Soapttttag %li# lffee$iv#a#s® of an 
laieoticlde. Jo»rii*E©oii-,Eiit« Ms 
if2$ seteybtmiag lfft©%4?e»ss.s- ©f betaaa* 
fjreatMalis 4gai»st %lw San J©.i« Soal®. j©uj'a,i.«eoa.iiit, ifi g5g-»'g60^, 
aoktrma, a.^. 
1913- .^E©p@?% ©a Osatjoi ©f Saa .J@«® 
seale titii LttMlestiag Oil lailgloa. 
!!.s.b#p%ug».ct2r« 1631 
Better Fmait 
1952 Suggest lorn® tm of Oil .ip^ayt, ia 193^'• 
itpdft ®f th© WmtMmi QmpBtB>Hvm Oil 
Fx©|6@"t fQw l$32} B#tter fmiit tli 
burro«f^s, l.l. 
lfg'3 Mtimtd 0f Oil Sptays ©» ftiilt Trees* !«.. 
so(0,aj®t,pf«j. to i 
Ohandl^r, S.0., Fllat,. W.P.^ aai. Urntoex, 
193® :a®eeiit |ms«et|€ids Spttiaeat# ia lllla©t« 
Witli ikfexiestiag Oil lail».|©»s. 111.1st'. 
ltf'l»SttW«|' Bill, ill I0>^l2i. 
cle-yelsasj o.e* 
If31 Mm lxp®rt8i«at Wlt^ Oil foir thM Goats©l 
Qf tbe lujeijpsaa Sl» Seal#,' {|#a®y.iaai'ia ttlal h»* 
i%s .lif-jss. 
oosptoa, q.o. 
1931 red Bpk&m Qmtml ia tli® sirteafeoii®#. 
iomn,mm,sm. 2%i lif%«l097. 
oooie| a««j« 
IgiO i®w Insert SnmMm m& I#w Ittliode of laii-eet 
f»far®. lloIi.l©j|,S®<s.aepo?t 10j 
•»3.3,§— 
omtirigli'li q.r» 
iftf ooi^4mti0a iftisetieide a»t i'lmgieiie spiays 
tm borfflsst ami d«isyed bo^sraaat spxai'iiig ia 
OM®. Oiit# Agar *1^131 Bul.lJlJ 
%2-irt.. 
bavif., j.l# 
qoi^.axs'llfe f«st# witli b«.aae% ifx&fs fat 
nm Mm Sfal« ©©att©l, IJt 
Bavig, W.W,, 4®fc«saa, A. j#, aiii Has«aaa^ I., 
'®|#©r tb© sij«©tt«a 
©f %be ast 
. . ikppliaa©#®, ^o-wattt®® m F©li©f, Eep©yt oa 
Oil MmlBlmB* Jotixii. 
l$i 
192? ©a Oil iMliioa®, .., tOi 
deOag, l.,R., aad EaigM, H» 
19t§ SmlsiffiBg %®mts a® an ImMbitiag Fa©t©i? ia 
til iptsF®'' Seieatifi^ I©tf, Joum.letsn.lat., 
is: l»s^. 
deoag, s.b., 
19M feefaaieal Aspect® of P#tx#l#Bii Oils aat Oil 
aprs^s., Ifi 733^7^^-* 
deOag, E,Il», laiglj'l. If. as# GliMfeeFli% I..CJ* 
lft| & S*«iy @f ftt2r0l#m» Oil As m 
ImmtlQiM im Tmm, itlgaardls 2: 
331-^3^-
deOag, I.E. 
192$.&• P@tsoX@w #il A« a Qmwtm im imseeficldei 
aa# A® ^ Plsat Stlailaiit. Ja^ai.aiit Sagt». Qhm.i BQt 
Iff J.1b. fTQgrmB RepQirt. 011 tiie Wm& of F®tmlem Oil 
4s a» Xa@@e%iot.ial Bptaj* 
211 5s5-pf. 
19^^.®. sp#©iflo:ati@3wi tm #lls %© u®#4 
oa plants. #©ii3eii.ie©ii.lat. sis $f7*»70i. 
-ito-
d©03ag^ s.8» 
I f iS . i ,  f l i t©  md  Uses  o t  Pe t fo l tmia  Ot l  
ipiis.fs. QorngmsB ©f i»t&»oiogy 
k%h 
et3,e#tt©a ©f Oil f©? Spray lag 
i*iuep#se», j©mfn#lsdm8.ai«l 22i 









lajiarf ifadlt®. i. lajwlts ftois sumier 
appll^atiea® «ii app3.#s. mloii..igi?.ixp.sta. 
fmh.rnil, aitJ S.' 
A. Eis tmf  #f liitoaoltgi'. gp. 
mmmUlm Qo^,. I.f, 
So®# Pioptrtie# #f 6il Ijialitoa® laflmemetag 
Imseetlelilal Mifletm&w. Ii,l.Iat,Hi@'I.Si«r» 
liii., ifi 
M.Ov, ant Fliat, !.?• 
1930 testing GMltmg Mi&th %axme tn© feasr, 
sc»qaeli& lima.. §5^ 
farra^, m.b.j,, am# saitlk, 1.4* 
If I© Soiit Pbfsieal Ff^peftles ©f Sett-aia Dos-aast Oil 
iiMli Soifeiaati®a«. Smwn. Sdom .Xiit •, 
M3t 
I.P. 
liijwies foildm-iag of Ps-ljdleiaa 
m l»®t3?ol®t3« t© dojesan-i freee. joism. 
leoa.lat.,. #j. 
Fliat, ¥.P.| aii€ Bigger, J.H. fm f^ult-fr®© i»«af Roiifi? and It© Coatrol Uadex 
qmditimbt 111. state 
Fllat, I.P. 
if50 e^oliart %nmm% 0o»4i1i©a® amd 
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